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Abstract
“Spectral Analysis 
of
Random Num ber Generator”
by
Christy J. Olsen
This paper is based on the theory developed by Dr. Evangelos Yfantis, professor 
of Computer Science at University of Nevada, Las vegas. In this paper, we describe a 
method for testing the fairness of pseudorandom number generators using the Discrete 
Fourier Transform. We will show how the concept of a random process can be used in 
a representation for random discrete time signals. Using this concept, we have focused 
on the mathematical representations of the spectral analysis of a fair pseudorandom 
number generator. From this representation, a reasonable “spectral” expectation is 
determined. An algorithm which applies the developed method is described, and a 
modified shift register random number generator is used to produce sample data.
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1 Introduction
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Random number generators are widely used in com puter science and related areas. The 
numbers they produce are used in simulation, numerical analysis and games. To supply these 
needs, the algorithm for the generator m ust essentially duplicate the outcome of flipping a 
fair coin or rolling a fair die. The arithm etical operations used in a com puter to generate 
random behavior is called a pseudorandom number generator. The methods for generating 
uniform pseudorandom numbers were first devised in the 1940s and many such algorithm 
have been developed to date.
The basic concern of these pseudorandom number generators is the kind of numbers to be 
produced and the neccesary criteria these numbers m ust meet to be considered sufficiently 
random. A good random num ber generator should be uniformly distributed and statistically 
independent. The test for uniformity determines w hether or not the numbers of sequence are 
uniformly distributed; tha t is, whether every number has an equal chance of being chosen. 
The test for the autocorrelation between adjacent pairs of numbers determines whether or 
not the appearance of one num ber affects the chance of another one appearing next. There 
are many statistical tests to verify the fairness of the pseudorandom number generator. For 
example, the frequency test is used to check the uniformity of sequence of the pseudorandom 
num ber generators and the serial test is used to check the degree of randomness between 
successive numbers in a sequence. The lagged product test is used to test for norm ality of 
the random number generator. O ther methods for testing the randomness of pseudorandom 
number generators include the run up and down test, the gap test, the maximum test, the
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yule test, and the b it wise test.
By treating a random  sequence as a discrete random signal, and taking its discrete Fourier 
Transform, the frequency or “spectral” components can be compared to expected spectral 
components of a fair random  process. To do this, the chi-square test is employed to give a 
measure of fit between observed spectrum  values and theoretical values.
In this paper we have focused on analyzing the autocorrelation of the pseudorandom 
number generator in a more direct manner. Section 2 describes the m ethod for testing the 
fairness of pseudorandom num ber generators using the Discrete Fourier Transform. Section 
3 includes the experim entation and verification of the random num ber test using the m ethod 
we have developed. Section 4 is the conclusion. Appendices A, B, C, and D include the 
program listing and the results from the pseudorandom num ber generator test.
2 Background Inform ation
In this paper the shift register random  number generator, using prime and prim itive 
polynomials for tapping points, is used to generate the sample data. The following steps are 
used to generate the random numbers:
1 . Shift initial value left by one.
2. If the  most significant bit before the shift is one then exclusive-or the tapping mask 
and the store the value as the new random  number.
3. Otherwise, use the number from step one as a new random  number.
4. Goto step one to find the next random  number.
This generator is usually faster than  the other methods, such as a linear congruential method 
and middle-square method, since it does not require any m ultiplication. Besides its speed, 
it has the longest period we have seen yet, and it has consistently produced reliable results. 
It may well prove to be the very best source of random numbers for practical purpose.
To select the right tapping points for this random num ber generator, the prime and 
prim itive polynomials are used. Let f(x) is the polynomial of degree n, and defined as 
follows;
f ( x ) =  anX n + a„_!a;n -1  +  an. 2x n~2 +  ... +  a \x  +  a0
A nomic polynomial of degree n is a polynomial with an =  1, or with the coefficient of x n
equal to  1. The prim e polynomial is a nomic polynomial which can not be factored into a
product of lower order polynomial. For example, let f(x) is a polynomial of second degree 
f(x )= a2a:2+ a 1x4-ao then nomic polynomial of second degree f(x) can be following polynomi­
als.
f ( x )  = x 2 + l  (1)
f { x )  =  x 2 (2)
f ( x )  = x 2 +  a: +  1 (3)
The nomic polynomials (1) and (2) can not be prime polynomials, because these can be 
factored into a product of lower order polynomials. A nomic polynomial (3) can be a prime 
polynomial of second degree. A prim itive Polynomial of degree k >  1 is the one for which 
f(0) is not zero and if f(x) divides x ! — 1 then 1 >  2k — 1. For example f(x)=a:2-i-x+l is a 
prim e and prim itive polynomial. Because
f ( x )  =  ax2 + bx + c (4)
l >  22 -  1 =  3 (5)
x l — 1 =  x 3 — 1 =  (x — l ) ( x 2 +  x  +  1). (6)
The Table 1 illustrates the sequence generated for k= 4  and the tapping points 0011. The 
period of length is 2fc — 1 =  15 and the corresponding polynomial is f(x )= x 4 +  x  +  1. In 
general, every possible adjacent set of k bits occurs exactly once in the period, except the 
set of all zeros, since the period length is 2k — 1 ; thus, adjacent sets of k bits are essentially 
independent and the sequence is quite random.
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* M aximum periodicity =  24 — 1 =  15
No 1 : 1011
Shift: 0110
XOR : 0 0 1 1
No 2 : 0101
shift: 1 0 1 0
No 3 : 1010
shift: 0 1 0 0
XOR : 0011
No 4 : 0111
shift: 1 1 1 0
No 5 : 1110
shift: 1 1 0 0
XOR : 0011
No 6  : 1111
shift: 1 1 1 0
XOR : 0011
No 7 : 1101
shift: 1 0 1 0
XOR : 0011
No 8  : 1001
shift: 0 0 1 0
X OR : 0011
No 9 : 0001
shift: 0 0 1 0
No 10: 0010
shift: 0 1 0 0
No 11: 0100
shift: 1 0 0 0
No 12: 1000
shift: 0 0 0 0
XOR : 0011
No 13: 0011
shift: 0 1 1 0
No 14: 0110
shift: 1 1 0 0
No 15: 1100
shift: 1 0 0 0
X OR : 0011
No 16: 1011
Table 1: Random numbers using 4 bit shift register pseudorandom number generator with 
the tapping points 0011.
The randomness implies th a t any number in the range of interest has an equal 
chance of appearing each tim e, and th a t the appearance of any num ber in no way affects the 
chance of tha t number or any other num ber’s appearing. Technically, we say th a t random 
numbers m ust be uniformly distributed, and must not be serially correlated. The uniformity 
test determines whether or not the numbers of sequence are uniformly distributed; th a t is, 
whether every number has an equal chance of being chosen. For example, generate 500 
numbers in range from zero to one. It classifies the numbers as to whether they are less than 
or equal to pj, less than equal to  • • •, ^  or 1 . Then count how many numbers fall into
these intervals. If the 500 num bers generated were distributed among these 10 classes with 
perfect uniformity, there would be 50 of numbers in each of 10 intervals. The test evaluation 
by chi-square is computed by subtracting the numbers in each intervals from the num ber we 
expect, squaring the difference, adding the result from the each intervals and dividing the 
sum of squares by the expectation, 
fc i n .  o .uy-2 f  {Oi -  e,-)2 
* k - i  -  7 (7)
i=i
There are tables of chi-square th a t will tell us how good our results are. The acceptable value 
of chi-square for a given test depend upon the number of classed “degrees of freedom” . The 
autocorrelation between adjacent pairs of numbers determines w hether or not the appearance 
of one number affects the chance of another one’s appearing next. If we were to  generate 
the sequence of numbers
1 ,2 ,3 ,4 ,5 ,6 ,  • • •, 9 ,0 ,1 ,2 ,3 ,  • • • (8)
This random number sequence will easily pass the test for the uniformity even though the 
numbers are far from random. The reason they are not random is th a t they are not indepen­
dent. We call this defect “serial autocorrelation” of adjacent pairs of numbers. For example, 
to test the autocorrelation of numbers, define the 2 dimension array size 10 x 10. The rows 
and columns both represent the classification • • •, as used in uniformity
test. Rows will contain the counts of the first num ber of each pair, the columns will contain 
the counts of the second number of each pair. Count the how many numbers fall into this 
array and run through the chi-square test to find the results. Moreover, tests can also be 
made for serial autocorrelation of overlapping triples; here we would require a  m atrix  with 
10  x 1 0  x 1 0 .
In this section we have described the concept of a shift register random  num ber gener­
ator we used in this paper, and showed two tests for randomness: one for goodness of fit 
to a uniform distribution and other for absence of serial autocorrelation. We also shown 
tha t the results of these tests can be verify by calculating the chi-square statistic. In the 
next section,the new method to check the fairness of pseudorandom num ber generator is 
described.
3 Spectral A nalysis of R andom  N um ber Generator
Let Xo, X i , X 2 , . . . ,  X n- i ,  0 <  X{ <  1 , i =  0 , 1 , 2 , . . .  , n-1 , be n pseudorandom numbers 
uniformly distributed in the interval [0, 1], or X{ ~  U[0,1], i = 0 ,1 ,2 , 3 , . . . ,  n — 1 ,. Then: 
E (X i)  = 0.5, 0 <  X i  <  1 (1 )
and
var(X i)  = ^ , 0 < X i < l  (2)
E ( X f )  =  0 <  Xi  < 1 (3)
If we hypothesize th a t the pseudorandom numbers are random then the random number 
variables are independent, therefore the covariance between any two random variable Xi, 
Xj ,  i 7  ̂ j , 0  < i, j <  n -1  is zero.
Therefore,
E ( X U X j)  = E (X i -  0.5)(Xj -  0.5) =  E ( X { -  0 .5)E(Xj -  0.5) =  0 (4)
The discrete spectral density corresponding to the above sequence is
S m = S ( m A f )  = A R {k)e - i2- ^ (5)
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A t  =  1 in our case, therefore
T  = n ■ A t  =  n
A f = f  = l1 n
The process is stationary because R ( X i , X j )  = R ( X j , X { )  = 0 for every 0 <  i, j <  n-1 .
The covariance, which we will also refer to as the autocorrelation function, is a function of 
the space lag and
R ( X i, X j ) = R ( X j , X i)
=  R(X{ -  X j ) =  R (( j  -  i ) A t ) =  R ( j  - i )  = R (i -  j )  =  0,0 <  i ^  j  < n -  1 (6)
also
.R(O) =  var (Xi )  =  — ,0 <  X,- <  1 (7)
From equation (5) we obtain,
a  A , ^  7- , / j  -N 2 7 xmk  .  2 7 T m k  . .Sm =  A t  2_ \ R{k)  c o s ------------ i A t  R(k)  s in ---------  (8)
k=o n k=o n
m =  0 ,1 ,2 ,3 ,4 ,5 ,  • • •, n — 1
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From the above equation we see th a t
Sm =  m  =  0 , ! ,2 ,  , n -  1 (9)
So if the sequence of uniformly distributed pseudorandom numbers constitutes a  random 
sample, then its discrete spectral lines should be given by equation (9) and they should be 
constant and equal to
For any pair, X i , X j , in the sequence a time order is considered. Thus if i < j  we agree 
tha t the i-th pseudorandom num ber was generated before the j-th  and there is constant 
tim e A t  between the generation of two consecutive pseudorandom numbers. W ithout loss 
of generality we assume A t  =  1. The tim e lag between the generation of the i-th and j-th  
pseudorandom numbers is ( j  — i ) A t  =  (j  — i). Thus two consecutive random numbers have 
tim e lag 1 , X i , and X i+k have tim e lag k, etc.
An estim ate of the autocorrelation function with the tim e lag k is:
R (k) = -  T ,(X i+k -  0.5)(X, -  0.5) (1 0 )
71 1=0
X n — Xo, =  Xk
E (R (k ))  = - J 2  E ( X l+k -  0.5)(X, -  0.5) = - J 2  R(k)  =  R (k)  (11)
n l=o n 1=0
Hence the estim ate given by (10) is unbiased.
An estim ate of the discrete spectrum  is given by
n-1
*  _ ■ a . 2 ? r f c m
S m = AtJ2 R(k)e  » .
k=0
Since A t =  1 and E (R (k ))  =  f?(fc), we have tha t 
£ ( 5 m) =  Sm,
which implies tha t 5 m is an unbiased estim ate of Sm. 
From equation (12), we obtain
Sm = E - E ( X l+k -  0.5)(X, -  0.5)e-i2̂
k=0  71 (=0
or
Sm = -  £ ( * /  -  0.5)e- ’' ^  2  (X/+* -  0.5)e-
U k= 0 f+fc=0
S  -  - A  A  — I ^‘-’m — n n
where A m is the Finite Fourier Transform of the sequence of the random numbers.
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From equation (14), we see tha t the spectral lines or discrete spectrum  must be real. 
A m = Z ( X k -  0 . 5 ) e - ^
27rfcm .^ -4 ,, ,  „ . 2ttkm
=  J 2 ( X k ~  °-5) cos----------- 1 ~  °-5) s in   (15)
k=o n k=o n
If we let
« . . £ ( * -  0.5) cos ^
fc=0 n
and
^  | O^r Jc y y )
Vm =  ^2/{Xk — 0.5) sin —— L (16)
k=o n
then
Am = Um -  iVm. (17)
We observe the following:
An—m =  Un—m iVn—m 
n-1 „  .-  -  _ • 2 r r A ; f n — m )
= ^ 2 ( X k -  0.5)e— V - 1
k= 0
=  g ( x fc -  0.5)e~i2*h+i^
k= 0
=  | : V fc- 0 . 5 ) e ^
k=o
— Um +  iVm.
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Hence
U n —m  — ^ i n i  777 —  0, 1, 2, • • ■ , 77 ( 1 8 )
V n —m  =  ^ m >  777 =  0 , 1 , 2 , ■ • • , 7 7  (19)
A n —m  — 7*lm) 777 — 0,1,2,***, 77. (20)
S n —m  —  S m , 777 — 0, 1, 2, • • • , 77 (21)
Vo =  Vn =  0, 777 =  0, 1, 2, • • • , 77 (22)
We see tha t the spectral lines after 777 =  |  repeat. Recall tha t the frequency |  • A /  is the 
Nyquist frequency.
Due to  the central lim it theorem, the distribution of Um, and Vm are normal with means 
E(Um) =  0, 777 =  0 ,1 ,2 , • • • ,77 — 1 (23)
E{Vm) =  0, 777 =  0 ,1 ,2, • • • ,7 7  — 1. (24)
The variance of Um is:
^  ̂ 97T l?Yn
var(Um) =  £(£ /£) =  £ ( E ( * f c  -  0.5) c o s  )
A=0 71
2
= E E -  0.5)(X, -  0.5) cos —  cos —
fc=0 1=0 n  n
Since E ( X k -  0.5){Xt -  0.5) =  0 if 0 <  k ±  I <  m and E ( X k -  0.5)2
also be written as:
. 1 2 2irkm
var(Um) =  — 2 ^  cos — —
12 k^o n
^  ^ km i 1 \  ^  i ^  I < 7 r m  • • /  ' 4 r r m  ,  ;  -
=  M S (C°S ^  +  lf =  24 +  i 8 < £ [(e “ " >*»
Thus
72
var(Um) =  — , m =  1 , 2 , • • •, n -  1
and
var(Uo) =  E  E ( X k — 0.5) 2 =
k=o
Similarly
var(Vm) = J 2  E ( X k -  0.5) 2 sin2 m  = 1 ,2,3,  • • •, n
t^o n  24
^  equation (25)
n
24
var(V0) =  0
15
(30)
Since Um and Vm, m  =  1,2,3,  • • • , £  are normally distributed in order to prove tha t Um, 
Um>, m  ^  m  < and Vm, Vm', m  ^  m  < |  are independent. We have to prove tha t the 
corresponding covariances are zeros.
n - l  O i r l r m  n _ 1  O -n - lm '
cov(UmUm>) = E(UmUm>) = -  0.5) co s----------  0.5) cos = ^ ~ )  (31)
k=o n i=o n
or
n_1 n_1 9ir Irm  9 t r i m '
cov(UmUm.) =  E  E  E (x k ~  °-5) ( ^  -  °-5) cos cos (32)
k = 0 /=0 71 n
Equation (32) implies:
/rr . 1 ^  27r&m 2-Kkrri
cov(UmUm') = j ^ Z ^ c o s  — —  cos — —  (33)
t=o 71
Since
^ -4  2irkm 2irkm‘ 
}  , cos co s---------
A=0 n n
n, if m = m '= 0  or m = m '  =  |  
if m —m  ^  0  and m =m' ^  |  
| ,  if m = n-m ( but m! ^  |
0 , otherwise
(34)
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We have
cov(Um, Um>) =  0 if m ’ and n — rri (35)
and
n
(36)
2 r m k  . 2-jrm'k „ , x
y  co s  s in  =  0 (37)
Jm  n n
The covariance between Um and Vm is:
^  ^ 0<7r IcTY) ^™ 3 O /rr J m
cov(UmVmi) =  £ ( £ ( * *  -  0.5) co s  £ ( * ,  -  0.5) sin ^ - )  (38)
fc=o n  t o  n
or
/rr . 1 ^  2nkm  . 2'xkm  „ / „ „ „ „
cov(UmVmi ) =  — > cos s in  = 0 ,  m, m =  0,1,2,  • • •, n — 1 (39)
12 k=o n n
. 2irkm . 2irkm 
)  s in  s in ---------
t̂ o  n  n
0, if m = m ,=0 or m —m  =  j  
if m —m! ^  0 and m = m  ^  j  
— j ,  if m = n-m / but m  ^  |
0, otherwise
(40)
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The covariance between Vm and Vm>, m  ^  m  is:
cou(ymym/) =  E ( ^ 2 ( X k -  0.5) s m  X/ -  0.5) s in  ) , m ^ m  (41)
fc=o n i=o 71
If m or m  are 0 or j  then cov(Vm, Vm>) =  0 
For any other values of m m! we have:
1 ^  . 2‘Kkm . 2irkm'
cov(VmVm' ) =  — ^ 2  s in  s in  =  0, if m  ^  m  and m ^ n  — m  (42)
^  k=o n  n
and
cov(Vm, Vn-m) = m zf1 \ (43)
Due to the symmetries given by equations (18) to  (22), we only need to  compute the 
spectral density for k < | ,  since Um ~  n(0, ^ ) ,  m  = 1,2,3,  ...,ra — 1 ,U0 ~  n(0, ^ )  and 
cov(Um,Um') =  0 if 0 <  m  ^  m  <  Then, based on the theorem  which states th a t a 
sequence of normally distributed random variables with zero covariance are independent, the 
random variables Um, Um>, 0 <  m  ^  m! < |  are independent.
We have proved th a t Vo =  0, Vm ~  n(0, ^ ) ,  is normally distributed with the mean zero 
and variance Based on equation(39), the cov(Um,Vmi) =  0 which implies tha t Um and 
Vm>, 0 <  m , m 7 <  |  are independent. Also from equation (42), we obtain tha t Vm , Vm>,
18
0 <  m ^  m ' <  2. are independent.
If
Uo Ui Vi {/a_! Va_i
Zo = ^k ' Zi = 7T’ Z2 = 7k’-"’z"-i = - ir’ z- = -?r <44>
12 V 24 V 24 V 24 V 24
So if the Z’s have the standardized normal distribution.
We divide the standardize normal, f ( Z )  = —oo <  Z  <  +oo, into k intervals each
one of them having an area of then we expect numbers to be in each one of those 
intervals. So the expected Z-values in the i-th intervals are e,- =  i=l ,2,  . . . .,k. The
observed are 0,-.
The distribution of
(45)
t=l e*
is a chi-square with k-1 degrees of freedom.
If this value is greater than  ATj?_1 0 97S or less than A*!_li0 025, as found from tables, then 
the pseudorandom numbers are correlated, otherwise they are uncorrelated. If the random 
numbers are correlated then take the inverse Fast Fourier transform,
«(<=>=w  £  <46>
JV m=0
and then find the k0 for which
R (K 0) = o max x | R(k)  |
19
(47)
T hat implies pairs of pseudorandom numbers with lag k0,every k0 pseudorandom number, 
are related. The relationship might be th a t if one is large the other is large, or if one is small 
the other is small, or if one is large the other is small, or if one is small the other is large. 
For a relatively large sequence of random numbers the recommended choise for k is 100.
20
4 E xperim entation  and Verification
In the previous section, we described a  spectral analysis of the random number generator. 
This section is intended to illustrate the algorithm  of theory we described. The random 
number generator, modified 16 bit shift register pseudorandom number generator, is designed 
to produce numbers th a t are uniformly distributed between zero and one. The period of the 
sequence of numbers produced is 216 — 1. The algorithm  for generating this pseudorandom 
numbers is based on high-order linear recursions w ith a small prime modulus called a linear 
feedback shift register. The Fast Fourier Transform is used to present the sample data on 
frequency domain and the inverse Fast Fourier Transform is used to  verify the fast Fourier 
Transform algorithm. The standard normal distribution is used to  calculate the distribution 
of the sample data  which is divided into 10 equally probable parts. A chi-square test with 
9 degrees of freedom was applied to verify the autocorrelation of the pseudorandom number 
generator. The program list of this simulation has been included in Appendix A. In the 
first test, we have used the modified 16 bit pseudorandom num ber generator to generate 
the sample data  and the results were satisfactory. The results of this test are listed in 
Appendix B. In the second test in which we have used the regular 16 bit pseudorandom 
number generator to generate the sample data, the  results of this test were also satisfactory. 
The results of this test are listed in Appendix C. In addition to these two tests, we have tested 
our algorithm with the larger sample data. The results of these are included in Appendix D.
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This program flow is partitioned into six tasks:
1. Creat sample da ta  using a pseudorandom number generator.
2. Run a Fast Fourier Transform to calculate the coefficient of real part and imaginary part.
3. Calculate the spectrum  values and display the results. The expected results of the fair 
pseudorandom number generator are shown in Figure 1 and the unfair pseudorandom number 
generator expected results are shown in Figure 2.
4. Draw a normal distribution g rap h ,/(Z ) =  ^ ; e~^Z2  ̂ ~ 00 <  Z < +oo, divide the area 
into 10 equally probable parts, and compute the distribution of the sample data. The normal 
distribution graph is shown in Figure 3.
5. Run a  chi-square test w ith the 9 degrees of freedom. If this value is greater than -XjjLj 0 975 
or less than ^ _ 10-025, found from the tables, then the pseudorandom numbers are correlated, 
otherwise they are uncorrelated.
6. If the numbers are correlated, then run an inverse fast Fourier Transform.
J V  7 7 1 = 0
After computing an inverse Fast Fourier Transform, find the m aximum value of R(&0). This 
result implies th a t the pair of pseudorandom numbers with lag ko are related.
22
Spectral Analysis
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Figure 1: Results from a fair random number generator
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Spectral Analysis
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Figure 2: Results from an unfair random number generator
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Normal Distribution
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Figure 3: The Normal Distribution
5 Conclusion
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This paper shows th a t the concept of a random process can be used in a representation 
for random discrete tim e signals. Specifically, we have focused our attention on proper­
ties of correlation and spectrum  on input output relationships. We have shown th a t the 
sequence of uniformly distributed pseudorandom numbers should have a constant spectral 
line. Furtherm ore, if the spectral line has peaks then the sequence of the random num ber 
is correlated and not random. Using the results above, we have proposed a pseudorandom 
number generator test th a t checks w hether the sequence is correlated or not. In practice, we 
have found the spectral line of a fair sequence behaves closely to  th e  theoretical results. Due 
to  factors such as quantitization errors and relatively small sam ple size, the spectral line is 
not flat. Therefore we have developed a m ethod to estim ate and qualify the spectral line. We 
have used the standardized normal distribution to calculate the  distribution of sample data. 
Because the da ta  is collected in 10 intervals, a chi-square test w ith 9 degrees of freedom has 
been applied to  obtain the statistical measure. From this test, it can be determ ined whether 
the pseudorandom random  number generator is a fair random num ber generator or not.
We have tested the  m ethod described above w ith the shift register pseudorandom num ­
ber generator and have been very satisfied with the results. We have shown th a t the theory 
described in this paper can be a very useful test to check the fairness of the pseudorandom 
number generator and readily adapted to  com puter calculation.
6 A ppendix  A: Program  Listing
This program is w ritten in C programming language using a Turbo C compiler from 
Borland. This software runs on the IBM PC family of com puters with a EGA or VGA 
graphics driver. Due to the floating point calculation, the math-coprocessor chip is needed 
when the large sample da ta  is used.
j  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  2  7
D a te : M a rc h  27, 1 9 9 2
P ro g ra m : A n a ly z e  a u to c o r re la tio n  o f  th e  ra n d o m  n u m b e rs  
u s in g  th e  f a s t  f o u r i e r  tra n s fo rm .
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * J
/ *  in c lu d e  f i le s  * /
^ in c lu d e  <stdio.h>
# in c h id e  <m ath.h>
# in c ln d e  <dos.h> io
^ in c lu d e  <stdlib.h>
^ in c lu d e  <graphics.h>
/*  d e fin e  sa m p le  s iz e  
^ d e fin e  sample_size
#  define array_size
#  define power_of_2
#  define pi_value 
define min_chi_9
#  define max_chi_9
a n d  a rra y  s ize  * /
512 / *  2 * * 9  =  5 1 2  * /  
256 / *  sa m p le  s iz e  * /
9 / *  (2 )  ** 9  * /
3.1415
2.70039
19.0228
20
/ *  p ro to ty p in g  d e fin i tio n s  * /
void Random_Number_16();
void RandomJN umber _8();
void Random_number();
void seed(unsigned int);
void SteplQ;
void Step2();
void Step3();
void Step4();
void Step5();
void Save_Dafca(int);
void Header(int, int);
void Fast_Fourier_Trans();
void Inverse_Fourier_Tran8();
void Spectrum();
void Plot_Result();
void Read_Data(int);
void Plot_Data();
void Draw_Normal();
void Cal_Distribution();
void Plot_Distribution();
void Chi Square();
void F.of_X();
void Divide_Area();
void Plot_Normal();
void Count_Sample();
void Inc_Counter();
void Find_Lag();
j *  d e fin e  g lobal v a r ia b le s  * /
float XR[sample_size]; / *  rea l p a r t o f  th e  sp e c tra l c o e ffic ie n t * /
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float XI[sample_size]; f *  im a g in a r y  p a r t  o f  th e  sp e c tra l c o e ffic ie n t * /  2 8
float SM[sample_size+l]; / *  sp e c tr u m  va lu e s  */
float x,y;
u n sign ed  in t initial_value; /  * in i t ia l  va lu e  f o r  th e  ra n d o m  n u m b e r  g e n e r a to r  * /
FILE *F; " I *  f i le  n a m e  =  " R E S U L T  D A T ” * /
in t start_x, start_y;
in t pre_x, pre_y, line_color; 60
in t x_pos, y_pos, n_power, O_Array[10];
char shuffle;
M a in  P ro g ra m :
M a in  p ro g ra m  is  d iv ie d  by f o u r  s e c tio n s . T h e  fo u r  
se c tio n s  are  as fo llo w .
S te p  1: co llec t th e  sa m p lin g  d a ta  ra n g e  f r o m  0  to 1.
S te p  2: c o m p u te  th e  f a s t  f o u r i e r  tr a n s fo r m . 70
S te p  3: ca lcu la te  th e  va lu e  o f  c h i—sq u a re  a n d  eva lu a te .
S te p  f :  p lo t th e  re su lt.
S te p  5: c o m p u te  th e  in v e r s e  f a s t  f o u r i e r  tra n s fo rm .
T h e  sa m p le  d a ta , F F T  a n d  in v e r s e  F F T  d a ta  are sa ved  in  
th e  f ile  ”R E S U L T .D A T ” a f te r  r u n  th is  p ro g ra m .
void  mainQ 
{
in t i, j;
80
shuffle =  ’ y *;
printf("Do you want to  s h u ff le  the random numbers?(y/n)");
scanf("'/,c",&;shuffle);
seed(8);
F =  fopen ("result.dat","w+");
Stepl(); / *  create s a m p le  d a ta  * /
■Step2(); /  * c o m p u te  th e  F a st F o u r ie r  T r a n s fo r m  * /
Plot_Result(); /  * p lo t th e  re su lts  * /
cleardeviceQ; 90
printf(" step  3\n");
St.ep3();
closegraph();
}
/ * . -----------------------------------------------------------------------------------------------------------------------------------------------------------------
S u b r o u tin e  S t e p l :
C o lle c t th e  sa m p le  da ta  a n d  in it ia liz e  an  a rra y  X I .
S a v e  th e  re su lts  to  th e  f ile  " R E S U L T .D A T ”.
------------------------------------------------------------------------------------------------------------------------------------
void  Stepl()
{
in t i;
printf("\nStep 1: Generating sample dataAn");
Random_Number_16();
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}
29
for (i=0; i < sample size; i+ + )
XI[i] =  0;
Save_Data(l); no
I*---------------------------------------------------------------------------------------------------------------------------------
S u b ro u tin e  S tep S :
C o m p u te  th e  F a st F o u r ie r  T r a n s fo r m  u s in g  th e  sa m p le  da ta  
in  a n  a rra y  X R .  T h e  rea l a n d  im a g in a r y  p a r ts  o f  th e  
c o e ffic ie n ts  are c a lc u la te d  se p a ra te ly  a n d  h e ld  in  
d iffe r e n t  a rra ys  X R  a n d  X I .  Use th e se  rea l a n d  im a g in a r y  
a rra ys , ca lcu la te  th e  s p e c tr u m  va lu es. S a v e  th e  re su lts
to  th e  f ile  ”R E S U L T .D A T ”. 120
 */
void  Step2()
{
p r i n t f ( " S t e p  2 :  R u n n i n g  a  f a s t  f o u r i e r  t r a n s f o r m . \ n " ) ;
Fast_Fourier_Trans();
Spectrum();
Save Data(2);
}
j * ------------------------------------------------------------------------------------------------------------------------------------------------ 130
S u b ro u tin e  S tep S :
D ra w  th e  s ta n d a rd iz e d  n o r m a l  d is tr ib u tio n  graph  a n d  
d iv id e  area by 10. C a lcu la te  th e  sa m p le  d a ta  a n d  
c o u n ts  th e  sa m p le s  in  each in v e rv a ls .
 */
void  Step3()
{
p r i n t f ( " S t e p  3 :  N o r m a l  D i s t r i b u t i o n . \ n " ) ;  
s t a r t _ x  =  330;
start_y =  300; 140
Draw_Normal();
Cal_Distribution();
Plot_Distribution();
Chi Square();
}
I*---------------------------------------------------------------------------------------------------------------------------------
S u b ro u tin e  S tep 5 :
C o m p u te  th e  In v e r s e  F a s t F o u r ie r  T r a n s fo rm  to  v a r i fy  th e
F a s t F o u r ie r  T r a n s fo r m  a lg o r ith m . T h e  re su lts  are s to re d  in  th e  150
f i le  ”R E S U L T .D A T ".
 *!
void  Step5()
{
Inverse_Fourier_Trans();
Save_Data(3);
fclose(F);
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/ * ------------------------------------------------------------------------------------------------------------------------------------------- 3 0
S u b ro u tin e  Seed:
I n i t i a l  va lu e  f o r  th e  ra n d o m  n u m b e r  g e n e ra to r .
    . */
void  seed(unsigned in t initial)
{ initial value =  initial;
}
f * --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S u b ro u tin e  R a n d o m _ N u m b e r :  n o
G e n e ra te  ra n d o m  n u m b e r s  use  a 16  b it s h i f t  r e g is te r  ra n d o m
n u m b e r  g e n e ra to r . D iv id e  th e  ra n d o m  n u m b e r s  by (2 * * 1 6 — 1)
to  crea te  th e  ra n d o m  n u m b e rs  range b e tw een  0  a n d  1. S u b tra c t
th e  average  o f  th e  ra n d o m  n u m b e rs  f r o m  th e  ra n d o m  n u m b e r  to
m a k e  a c e n te re d  va lu e . S a v e  th is  d a ta  to  a n  a rra y  X R  to
u se  a s th e  sa m p le  d a ta  f o r  th e  f a s t  f o u r i e r  tr a n fo r m .
 -------------------------------------------------------------------------------------------------------------------------------- */
void  Random Number 16()
{
u n sign ed  in t r_number, t_number; iso
float f_number, average;
in t ij,skip_numbers, index;
u n sign ed  lo n g  k;
u n sign ed  in t mask=0x002D;
t_number =  initial_value; 
k =  0; 
index =  0;
i f  (shuffle = = ' y ’ || shuffle==’Y’) 190
skip_numbers =  16;
e lse
skip_numbers =  0; 
f o r  (j =  0 ; j <  sample_size ; j+ + )  {
f o r  (i =  0; i < =  skip_numbers; i+ + )  { 
r_number =  t_number; 
r_number =  r_number < <  1;
i f  (t_number & 0x8000) .
r_number =  r_number * mask; 
t_number =  r_number; 200
k + + ;
}
i f  (shuffle = = ’ y ’ || shuffle==’Y’) { 
i f  (k = =  65536) { 
k =  0;
skip numbers =  16;
}
else
skip numbers =  15; 210
}
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f.number =  t.number; 3  ^
f.number =  f_number /  65536.0;
XR[index] =  f_number — 0.5; 
index++;
}
}
/ * -------------------------------------------------------------------------------------------------------------------------------------------------220
S u b ro u tin e  Save_ d a ta :
S a v e  th e  re su lts  f r o m  th e  s t e p l ,  s te p S , a n d  s te p  3 
to  th e  f i le  ”R E S U L T .D A T ”.
    *,
void  Save Data(int data)
{
in t i, line_no=l, page_no=l;
Header(data,page_no);
page_no + + ; 230
f o r  (i=0; i <  sample.size; i+ + ) { 
i f  (data = =  1)
fprintf(F," */.4d */.1.4f ,/.1.4f\n",i+l,(XR[i]+0.5),XR[i]);
e lse  if  (data = =  2)
fprintf(F," */.4d */.- 7 .4 f  7 .4 f  */.- 7 .4 f \n ,,,i4-l,XR[i],XI[i],SM[i]);
else
fprintf(F," '/.4d */.l .4f\n",i+ l,X R [i]);
line_no + + ;  
i f  (line_no = =  55) {
Header(data,page_no); 240
Iine_no =  1; 
page.no + + ;
}
}
}
I*----------------------------------------------------------------------------------------------------------------------------
S u b r o u tin e  H ea d er:
C rea te  th e  re p o rt h e a d e r  f o r  th e  s t e p l ,  s te p S  a n d  th e  s tc p 3 .
 ^6
void  Header(int data, in t page no) 1
{
fprintf(F ," \f\n \n  S t e p  */.d P a g e  N o :  '/.d\n",data,page.no)
fprintf(F," --------------------------------------------------------------------------------------------------------- \n");
i f  (data = =  1) {
f p r i n t f ( F , "  S a m p l e  R a n d o m  S a m p l e \ n " ) ;
f p r i n t f ( F , "  N u m b e r  N u m b e r  V a l u e  =  R a n d o m  N u m b e r  -  A v e r a g e \ n " ) ;
}
else  i f  (data = =  2) {
f p r i n t f ( F , "  R e a l  p a r t  I m a g i n a r y  p a r t  A m p l i t u d e  S p e c t r u m \ n " ) ;  260
f p r i n t f ( F , "  i  X R [ i ]  X I [ i ]  A H [ i ] \ n " ) ;
}
e lse
f p r i n t f ( F , "  n  S a m p l e  v a l u e  ( A f t e r  r u n  i n v e r s e  f o u r i e r  t r a n s f o r m .  ) \ n " ) ;
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fprintf(F,"
}
\ n“); 3 2
/  *------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 270
S u b ro u tin e  F a s t_ F o u r ie r_ T ra n s fo rm :
C a lcu la te  th e  F a st F o u r ie r  T r a n s fo rm  use  th e  d a ta  in  an  
a rra y  X R .  T h e  s a m p lin g  d a ta  in  an  a rra y  X R  are in  ra n g e  
b e tw een  0  to  1 a n d  th e  n u m b e r  o f  sa m p le s  h a s  to  be th e  
p o w e r  o f  2.
n  =  sa m p le _ s ize  =  2 5 6  =  2  ** 8 
k  =  8
d t ( " d e lta  t " )  =  1
*** M o re  in fo r m a t io n  ab o u t th e  F F T  a lg o r ith m , 280
r e fe r  to  " D ig ita l  S ig n a l  A p p lic a tio n s "  by L y n n  F u e r s t  
(P a g e  2 3 2  F F T  a lg o r ith m ) .
 -------------------------------------------------------------------------------------------------------------------------- V
void  Fast Fourier TransQ
{
i n t  k,n; 
f l o a t  sgn,fn;
float CO[array_size], SI[array_size],a; 
float c,s,qr,qi,zr,zi,w,fir;
i n t  IRB[array_size]; 290
i n t  i,j,id>nc,nb,lb,lb2,ib, i2,l,is,iflf,ii,ir;
IRB[0]=0; /  * in it ia liz e  v a lu e s  * /
k =  power_of_2; 
sgn =  -1 .0 ;  
n =  sample_size;
p r i n t f ( " f l t  s t e p  i \ n " ) ;
/ *  300
T h e  re v e rse d  b it l is t  a n d  th e  a sso c ia ted  s in e s  a n d  c o sin es  are c o m p u ted .
7
f o r  (j= l; j < =  k; j+ + )  {
id =  pow(2,(j—1)); 
f o r  (i=0; i<id ; i+ + )  {
IRB[i] =  IRB[i] * 2; 
i f  (j <  k)
IRB[i+id] =  IRB[i] +  1;
}
} 310
printf("fft s tep  2\n"); 
fn =  sample_size; 
w =  sgn * 6.2831853 /  fn; 
for (i=0 ; i<id; i+ + )  { 
fir =  IRB[i] /  2; 
a =  fir * w;
CO[i] =  cos(a);
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/*
7
I*
7
SI[i] =  sin(a); 3 3
} 320
printf("fft s tep  3\n");
T h e  F F T  c o e ffic ie n ts  are ca lcu la ted  a n d  sa ved  in  d i ffe r e n t  
a rra y  X R  f o r  rea l p a r t  a n d  X I  f o r  im a g in a ry  p a rt.
F o r  each c o lu m n  o f  th e  F F T  (n c  =  c o lu m n  n u m b e r )  ca lcu la te  
nb =  n u m b e r  o f  b locks in  th e  co lu m n , 
lb =  len g th  o f  b locks, 
lb2  =  h a l f  o f  b lock len g th .
330
f o r  (nc =  0; nc < k ; n c++) { 
nb =  pow(2,nc); 
lb= n /  nb; 
lb2 =  lb /  2;
is  =  seq u en ce  n u m b e r  a t th e  sta i-i o f  th e  block  
i f f  =  seq u en ce  n u m b e r  h a l f  w a y  th ro u g h  block
f o r  (ib=0; ib < nb; ib + + ) { 340
c =  CO[ib]; 
s =  SI[ib]; 
is =  ib * lb 4- 1; 
iff =ib * lb +  lb2; 
f o r  (i=is; i<=iff; i+ + )  { 
i2 =  i +  lb2 — 1;
qr =  XR[i2] * c -  XI[i2] * s;
qi =  XR[i2] * s +  XI[i2] * c;
XR[i2] =  XR[i—1] -  qr;
XI[i2] =  X I[i-l] -  qi; 350
XR[i—1] =  XR(i—1] +  qr;
X I[i-l]  =  X I[i-l] +  qi;
}
}
}
printf("fft s tep  4\n"); .
T h e  F F T  c o e ffic ie n ts  are so r te d  back in  o r ig in a l d a ta  lo ca tio n . 360
for (i= l; i<=id; i+ + )  {
for (1=1; 1<=2; I++) { 
ir =  IRB[i—1] +  1; 
ii =  i +(1—1) * id; 
i f  (ir > ii) {
zr =  XR[ir—1]; 
zi =  XI[ir— 1];
XR[ir—1] =  XR[ii—1];
XI[ir—1] =  XI[ii—1]; 370
XR[ii—1] =  zr;
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XI[ii—1] = zi; 3 4
}
}
}
printf("finish ff t \n " );
}
/* ---------------------------------------------------------------------------------------------------------------------------
S u b ro u tin e  In v e rse _ F o u r ie r_ T ra n s fo rm :  380
C a lcu la te  th e  in v e rs e  F F T  u se  th e  F F T  c o e ffic ie n ts  X R  a n d
X I  to  v a r i fy  th e  F F T  a lg o r ith m . A f t e r  c o m p u te  th is  ro u tin e ,
th e  re su lt v a lu e s  in  a rra y s  X R  a n d  X I  are id e n tic a l to  the
v a lu e s  in  X R  a n d  X I  a rra y s  before th e  s te p  S (F F T ) .
  . */
v o i d  Inverse Fourier Trans()
{
i n t  k,n;
f l o a t  sgn,fn;
f l o a t  CO[array_size], SI[array_size],a; 390
f l o a t  c,s,qr,qi,zr,zi,w,fir,df;
i n t  IRB[array_size])i,j1id,nc,nb,lb,lb2,ib, i2,l,is,ifF,ii,ir;
IRB[0]=0; 
k =  power_of_2; 
sgn =  1.0; 
n =  sample_size; 
df =  n; 
df =  1 /  df;
400
f o r  (j= l; j < =  k; j+ + )  { 
id =  pow (2,(j-l)); 
f o r  (i=0; i<id ; i+ + )  {
IRB[i] =  IRB[i] * 2;
i f  (j < k )
IRB[i+id] =  IRBfi] +  1;
}
}
fn =  sample_size; ' 4 10
w =  sgn * 6.2831853 /  fn;
f o r  (i=0 ; i<id; i+ + ) { 
fir =  IRB[i] /  2; 
a =  fir * w;
CO[i] =  cos(a);
SI[i] =  sin(a);
}
f o r  (nc =  0; nc <  k ; n c++) { 420
nb =  pow(2,nc); 
lb= n /  nb; 
lb2 =  lb /  2;
f o r  (ib=0; ib < nb; ib-f+) {
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c =  CO[ib]; 3 5
s =  SI[ib];
is =  ib * lb +  1;
iff =ib * lb +  lb2;
for (i=is; i<=iff; i+ + )  {
i2 =  i +  lb2 — 1; 430
qr =  XR[i2] * c -  XI[i2] * s;
qi =  XR[i2] * s +  XI[i2] * c;
XR[i2] =  XR[i—1] -  qr;
XI[i2] =  XI[i—1] -  qi;
XR[i—1] =  XR[i—1] +  qr;
XIp-1] =  XI[i—1] +  qi;
}
440
for (i= l; i<=id; i+ + ) {
for (1=1; 1<=2; 1++) { 
ir =  IRB[i—1] +  1; 
ii =  i +(1—1) * id; 
i f  (ir >  ii) {
zr =  XR[ir—1]; 
zi =  XI[ir—1];
XR[ir—1] =  XR[ii—1];
XI[ir—1] =  XI[ii—1]; 450
XR[ii—1] =  zr;
XI[ii—1] =  zi;
}
}
}
for (i=0; i <  sample size; i+ + ) {
XR[i] =  XR[i] * df;
XI[i] =  XI[i] * df;
} 460
I*  ------------------------------------------------------------------------------------------------------------------------
S u b ro u tin e  S p e c tru m :
C a lc u la te  th e  sp e c tr u m  a n d  sa v e  i t  to  an  a rra y  S M .
  *,
v o i d  SpectrumQ 470
{
i n t  i; 
f l o a t  size;
size =  sample_size;
f o r  (i=0; i <  sample_size; i+ + )  {
SM[i] =  (XR[i]*XR[ij +  XI[i]*XI[i]) /  size;
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}
}
I*----------------------------------------------------
S u b ro u tin e  P lo t_ resu lt:
P lo t th e  re su lts  on  6 4 0  X  3 5 0  E G A  sc reen .
36
480
v o i d  Plot Result()
{
i n t  graphdriver =  EGA, graphmode =  EGAHI; / *  6 4 0  x  3 5 0  * /
i n t  i,j,counter;
s t r u c t  d a t e  t o d a y ;  490
c h a r  * y [ 1 4 ] =  { "  1.00","  0 .9 0 ","  0 .8 0 " ,"  0 .7 0 " ,"  0 .6 0 " ,"  0 .S 0","  0 .4 0 " ,
" 0 .3 0 " ,"  0 .2 0 ","  0 .1 0 " ,"  0 .0 0 " ," - 0 .1 0 " ," -0 .2 0 " ," -0 .30"};
printf("Now p lo t  the r e s u lt  !\n");
initgraph (&graphdriver, &graphmode, " ");
setbkcolor( BLUE);
setcolor(WHITE);
settextstyle(0,0,1);
getdate(&today);
f o r  ( c o u n t e r  =  1 ;  c o u n t e r  <  5 ;  c o u n t e r  + + )  {  500
o u t t e x t x y ( 4 , 2 , " F a s t  F o u r i e r  T r a n s f o r m " ) ;  
o u t t e x t x y ( 1 5 0 , 3 0 , " <  S e q u e n c e  S p e c t r a l  A n a l y s i s  >  " ) ;
g o t o x y ( 6 5 , l ) ;
printf(" ,/,d/*/,d/,/,d",today.da mon.today.da day,today.da_year);
/*
s e tc o lo r ( Y E L L O W ) ;
7
o u t t e x t x y ( 4 5 5 , 3 0 , " P l o t  N o :  " ) ;  
g o t o x y ( 6 7 , 3 ) ;
printf("'/.3d",counter); 510
outtextxy(455,330," o 114 samples");
rectangle(50,50,620,320); 
start_x =  50; 
start_y =  50;
f o r  (i=0; i<  114; i+ + ) ,
outtextxy(start_x+i*5,start_y+270," I");
f o r  (i=0; i<  14; i+ + ) {
outtextxy(start_x-49,start_y+i*20,y[i]); 520
outtextxy(start x,start_y+i*20,"-");
}
line(start_x,253,620,253); 
start_y =  start_y — 4;
Read_Data( counter); 
getchQ; 
cleardevice();
}
} 530
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/*---------------------------------------------------------------
S u b ro u tin e  R ea d _ d a ta :
R e a d  d a ta  f r o m  an  a rra y  S M  a n d  ca ll ”p lo t_ d a ta ” to  
p lo t on  th e  sc reen .
 ------------------   V
vo id  Read D ata(int counter)
{
in t index,i,j;
540
x_pos =  start_x; 
start_y =  253;
/ *
lin e  co lo r =  L I G H T G R E E N ;  
s e tc o lo r ( L I G H T C Y A N ) ;  
se tc o lo r ( l in e  co lo r);
7
y_pos =  start_y;
for (j= l; j <  115; j+ + )  {
index =  (j—1) 4- 115 * (counter—1); 550
i =  (SM[index] 4- 0.005) * 50;
Plot Data(i);
}
}
I*   -------------------------------------------------------------------------------------------------------------------------
S u b ro u tin e  P lo t_ d a ta :
D ra w  a sp e c tra l lin e .
 ^6
void  Plot Data(int j)
{
pre_x =  x_pos;
pre_y =  y.pos;
y_pos =  start_y -  (4 * j);
x_pos =  x_pos 4- 5;
line(pre x,pre_y,x_pos,y_pos);
}
/  *-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------570
S u b ro u tin e  D ra w _ N o rm a l:
D ra w  s ta n d a rd  n o r m a l  gra p h  a n d  d iv id e  area by 10.
 ---------------------------------------------------------------------------------------------------------------------------7
void  Draw NormalQ 
{
in t i, j, counter, tx, ty, sx, sy;
cleardevice();
Plot_Normal();
x =  0; 580
F_of_X();
tx =  x * 100;
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ty =  y * 400; 3 8
putpixel(tx+start_x,start_y—ty,4); 
sx =  tx; 
sy =  ty;
for(i =  0; (i <  73) && (x < =  2.8); i+ + )  {
x =  x +  (4.0 /  73); 590
F.of.X(); 
tx =  x * 100; 
ty =  y * 400;
line(sx+start_x, start_y—sy, tx+start_x,start_y—ty); 
line(—sx+start_x,start_y—sy,—tx+start_x,start_y-ty); 
sx =  tx; 
sy =  ty;
}
getch();
Divide_Area(); 600
getch();
!* ----------------------------------------------------------------------------------------------------------------------------------
S u b r o u t in e  F_of_X:
C a lc u la te  th e  F ( X )  =  ( l / s q r t ( 2 * p i ) )  *  (e  ** ( ( — 1 / 2 ) ( X * * 2 ) ) )
 ^6
v o i d  F of X()
{
d ou b le t x ,  t_y;
t x  = pi_value * 2;
t_x = sqrt(t_x);
t_x = 1.0 /  t_x;
= exp( -  (x * x /  2));
y = t_x * t_y;
}
620
I*----------------------------------------------------------------------------------------------------------------------------
S u b r o u t in e  P lo i_ N o rm a l:  ,
P lo t  th e  s ta n d a r d  n o r m a l  d is tr ib u tio n .
 */
v o id  P lot Normal()
{
i n t  i,j,ty,tx; 
s t r u c t  date today;
c h a r  *m_x_axis[7]= { " -0 .4 "  ," -0 .8 "  ," -1 .2 "  ," -1 .6 "  ," -2 .0 "  ," -2 .4 "  ," -2 .8 "  };
c h a r  *x_axis[7]= {" 0 .4 " ,"  0 .8 " ,"  1 .2 " ,"  1 .6 " ,"  2 .0 " ,"  2 .4 " ,"  2 .8"} ; 630
c h a r  *y_axis[12]= { "0 .0 5 " ,"0 .1 0 " ,"0 .1 5 " ,"0 .2 0 " ,"0 .2 5 " ,"0 .3 0 " ,"0 .3 5 " ,"0 .4 0 " ,
"0 .4 5 " ,"0 .5 0 " ,"0 .5 5 " ,"0 .6 0 "} ;
setbkcolor(BLUE); 
setcolor( WHITE);
18:43 A pr 19 1992 Page 12 o f thesis, c
settextst,yle(0 ,0 ,l); 3 9
getdate(&today);
outtextxy(200,30," < Normal D is tr ib u tio n  > ");
gotoxy(65,l); 640
printf(" ’/.d /’/.d/'/.d",today.da_mon,today.da_day,today.da.year);
rectangle(40,50,620,300); 
line(start_x,50,start._x,start_y); 
x =  0 ;
tx =  x * 1 0 0 ; 
ty =  0.01 * 400;
outtextxy (tx+start_x—3,start _y+5," 0 "); 
f o r  (i=0 ; i<7; i+ + )  {
x =  x +  0.4; 650
tx =  x * 1 0 0 ;
line(tx+start_x, start_y, t.x+start_x,start_y—ty); 
outtextxy(tx+start_x—20,start_y+5,x_axis[i]); 
line(—tx-f start.x, start _y,—tx+start_x ,st.art_y—ty); 
outt.ext.xy(—tx+start x —20,start_y+5,m x axis[i]);
}
f o r  ( i= 0 ; i<  1 2 ; i+ + )  {
ty =  (0.05 +  (0.05*i)) * 400; 
outtextxy(4,250—ty+50,y_axis[i]);
line(40,start_y—ty,45,start._y—ty); 660
}
}
/*--------------------------------------------------------------------
S u b r o u tin e  C a l_ D is tr ib u tio n :
c a lcu la te  th e  Z  v a lu e s  u se  rea l va lu e s  in  a rra y  X R  a n d  
im a g in a r y  v a lu e s  in  a rra y  X I .
/*----------------------------------------------------------------------------------------------------------------------------
S u b r o u tin e  D iv id e_ A rea :
D iv id e  area  by  1 0 (u se d  th e  n o r m a l  d is tr ib u tio n  ta b le ) .
  ___■ *1
void  Divide_Area()
{ 670
in t tx, ty, i;
float array_x[4] =  { 0.253,0.524,0.842,1.242};
for ( i=0; i<4; i+ + ) {
x =  array x[i]; ,
F .of X(); '  
tx =  x * 100; 
ty =  y * 400;
line(tx+start_x, start_y, tx+start_x,st.artj'—ty);
line(—tx+start x,start_y,—tx+start x,start_y—ty); 680
}
}
void  Gal.DistributionQ 
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{
float fn; 
in t i;
40
fn =  sample_size /  12; 
fn =  sqrt(fn);
SM[0] =  XR[0] /  fn; 
fn =  sample_size /  24; 
fn =  sqrt(fn);
for (i= l;  i<=sam ple size; i+ + )  {
SM[i] =  X R p f /  fn; 700
i+ + ;
SM[i] =  XIp] /  fn;
}
I*------------------------------------------------------------------
S u b ro u tin e  P lo i_ D is ir ib u tio n :
P lo t  th e  re su lts  a n d  c o u n t  th e  v a lu e s  in  each in te rv a ls .
void  Plot Distribution()
{
in t i,tx,ty;
for(i =  0; i < =  samplejsize; i+ + ) { 
x =  SM[i];
Count Sample();
F.of.X(); 
tx =  x * 100;
  * /  710
fcy 400; 720
putpixel(tx+start_x,start_y—ty, WHITE); 
Inc_Counter();
getch();
}
I*--------------------------------------------
S u b ro u tin e  In c _ C o u n te r :
D isp la y  th e  c o u n t in  each  in te rv a ls .
void  Inc CounterQ 
{
gotoxy(22,20);
printf("'/,d",O_Array[0])
gotoxy(28,20);
printf(",/.d",0_Array[l])
gotoxy(33,20);
printf("'/,d",0_Array[2])
gotoxy(37,20);
printf("'/,d" ,0_Array[3])
gotoxy(40,20);
printf( M*/,d" ,0_Array [4])
*/  730
740
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}
gotoxy(43,20); 4 1
printf("'/,d",0_Array[5]); 
got.oxy(46,20); 
printf("'/,d",0_Array[6]) 
gotoxy(50,20); 
printf(",/,d",0_Array[7]) 
gotoxy(54,20); 
printf(",/,d"10_Arrayt8]) 
gotoxy(60,20); 
printf("'/,d",0_Array[9])
/ * --------------------------------------
S u b ro u tin e  C o u n i_ S a m p le :
C o u n t v a lu e s  in  each in te rv a ls .
i f  (x <  -1 .242)
O_Array[0] + + !
else  i f  ((x > = -1 .242) k k  (x < -0 .842))
0_Array[l] 4 h i
e lse  i f  ((x > = —0.842) k k  (x < -0 .524))
0_Array[2] + + ;
e lse  i f  ((x > = -0.524) k k  (x < -0 .253))
0_Array[3] ++>
else  i f  ((x > = -0 .253) k k  (x < 0))
0_Array[4] + +;
else  i f  ((x > = 0) k k  (x <  0.253))
0_Array[5] + +;
else  i f  ((x > = 0.253) k k  (x < 0 .524))
0_Array[6] ++>
e lse  i f  ((x > = 0.524) k k  (x <  0 .842))
0_Array[7] + + ;
e lse  i f  ((x > = 0.842) k k  (x < 1.242))
0_Array[8] + + ;
e lse  i f  (x > = 1.242)
0_Array[9] + + ;
750
void  Count_Sample()
{ 760
770
780
/ * -----------------------------------------------------------------------------------------------------------------
S u b r o u tin e  C h i_Square:
C a lcu la te  th e  c h i- s q u a r e  a n d  e va lu a te  th e  resu lt.
I f  th e  re su lt va lu e  is  g re a te r  th a n  ch i—sq u a re  va lue 0 .9 7 5  
o r  le s s  th a n  c h i- s q u a r e  va lu e  0 .0 2 5 , th e n  th e  p su e d o ra n d o m  
n u m b e rs  are co rre la ted . T h e  c a lc u la tio n s  are based on
9 degrees o f  fr e e d o m . 790
 ------------------------------------------------------------------------------------------------------------------------------------- * j
void  Chi Square()
{
float Ei, chi_result,, t_chi; 
in t i;
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chi_result =  0; 4  2
Ei =  (sample_size+l) /  10; 
for (i=0; i<  10; i+ + ) {
t_chi =  (0_Array[i] — Ei);
t_chi =  t_chi * t_chi; soo
t_chi =  t_chi /  Ei;
chi result =  chi result +  t chi;
}
gotoxy(10,24);
printf ("The ch i-sq u are r e s u lt  w ith 9 degrees o f freedom i s  I t . \n",chi_result); 
gotoxy(10,25);
i f  ( (chi_result < min_chi_9) || (chi_result > max_chi_9)){
printf("The pseudorandom numbers are corre la ted ." );  
getch();
gotoxy(10,25); sio
printf("Now run an in v erse  fo u r ie r  transform . ");
Find Lag();
}
else {
printf("The pseudorandom numbers are uncorrelated .");
Step5();
}
getch();
}
820
/ * . -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
S u b r o u tin e  F ind_L ag:
I f  th e  n u m b e rs  are  c o rre la ted  th e n  ru n  in v e rs e  f a s t  
f o u r i e r  i r a n fo r m  to  f in d  th e  lag K  w h ich  ca u sed  
th e  c o rre la tio n .
 ----------------------------------------------------------------------------------------------------------------------- *1
void  Find LagQ 
{
h it i, index;
float m a x ,  m a x _ v a l u e ;  830
Spectrum();
Step5(); / *  c o m p u te  th e  in v e r s e  F F T  a n d  sa ve  th e  va lue  * /  '
fo r  (i=0; i<sample_size; i+ + )  {
XR[i] =  SM[i];
XI[i] =  0;
}
Inverse_Fourier_Trans(); 840
max_value =  XR[0]; 
index =  0;
fo r  ( i= l;  i<sample_size; i+ + ){  
i f  (XR.[i] >  max_value) { 
index =  i; 
max value =  XR[i];
}
}
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g o t o x y ( 1 0 , 2 5 ) ;  
i f  ( i n d e x  = =  0 )
p r i n t f ( " P l e a s e  c h e c k  t h e  ' / . d s t  r a n d o m  n u m b e r .  " , i n d e x + l ) ;
e l s e  i f  ( i n d e x  = =  1 )
p r i n t f ( ” P l e a s e  c h e c k  t h e  V . d n d  r a n d o m  n u m b e r .  " , i n d e x + l ) ;
e l s e  i f  ( i n d e x  = =  2 )
p r i n t f ( " P l e a s e  c h e c k  t h e  * / ,d r d  r a n d o m  n u m b e r .  " , i n d e x + l ) ;
e l s e
p r i n t f ( " P l e a s e  c h e c k  t h e  '/ . d t h  r a n d o m  n u m b e r .  " , i n d e x + l ) ;
43
850
860
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44
7 A ppendix B: R esu lts from the first test
P art 1: The list of sample da ta  from the pseudorandom num ber generator(modified 16bit 
shift register random number generator).
P art 2: The list of data  after performing a Fast Fourier Transform. The real and im aginary 
parts of the coefficients are calculated separately and held in different arrays X R and XI. 
The spectrum  values are also listed.
P art 3: The list of data after performing an inverse Fast Fourier Transform.
P art 4: The spectral analysis graph of 512 samples.
P a rt 5: The graph of normal distribution and the results from the chi-square test.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
1 7
18
1 9
20
21
22
2 3
2 4
25
2 6
2 7
2 8
2 9
3 0
31
3 2
3 3
3 4
3 5
3 6
3 7
3 8
3 9
4 0
4 1
4 2
4 3
4 4
4 5
4 6
4 7
45
P a g e  No: 1
R andom
N u m b er
S a m p le  
V a l u e  =
0 .0 1 1 0 - 0 . 4 8 9 0
0 . 2 6 9 8 - 0 . 2 3 0 2
0 . 8 5 4 7 0 . 3 5 4 7
0 . 2 3 9 2 - 0 . 2 6 0 8
0 . 5 2 9 0 0 . 0 2 9 0
0 . 3 0 6 5 - 0 .  1 9 3 5
0 . 7 9 5 3 0 . 2 9 5 3
0 . 7 8 6 2 0 . 2 8 6 2
0 . 5 5 1 7 0 . 0 5 1 7
0 . 4 5 8 9 - 0 . 0 4 1 1
0 . 6 4 5 3 0 . 1 4 5 3
0 . 7 3 7 7 0 . 2 3 7 7
0 . 1 9 1 5 - 0 . 3 0 8 5
0 . 3 6 6 0 - 0 . 1 3 4 0
0 . 4 4 2 1 - 0 . 0 5 7 9
0 . 0 9 6 2 - 0 . 4 0 3 8
0 . 6 6 9 3 0 . 1 6 9 3
0 . 2 0 6 4 - 0 . 2 9 3 6
0 . 8 5 3 9 0 . 3 5 3 9
0 . 2 1 0 6 - 0 . 2 8 9 4
0 . 9 4 0 6 0 . 4 4 0 6
0 . 6 8 4 5 0 . 1 8 4 5
0 . 5 5 8 8 0 . 0 5 8 8
0 . 1 5 6 4 - 0 . 3 4 3 6
0 . 7 8 6 7 0 . 2 8 6 7
0 . 5 3 7 2 0 . 0 3 7 2
0 . 8 1 7 0 0 . 3 1 7 0
0 . 2 3 0 8 - 0 . 2 6 9 2
0 . 4 2 3 2 - 0 . 0 7 6 8
0 . 2 0 6 4 - 0 . 2 9 3 6
0 . 8 5 6 6 0 . 3 5 6 6
0 . 0 2 4 0 - 0 . 4 7 6 0
0 . 9 1 8 3 0 . 4 1 8 3
0 . 4 9 5 9 - 0 . 0 0 4 1
0 . 6 7 7 4 0 .  1 7 7 4
0 . 8 6 2 2 0 . 3 6 2 2
0 . 8 6 8 3 0 . 3 6 8 3
0 . 6 2 3 0 0 . 1 2 3 0
0 . 9 5 7 0 0 . 4 5 7 0
0 . 1 1 3 2 - 0 . 3 8 6 8
0 . 0 9 1 8 - 0 . 4 0 8 2
0 . 0 2 1 5 - 0 . 4 7 8 5
0 . 5 6 0 5 0 . 0 6 0 5
0 . 2 4 8 3 - 0 . 2 5 1 7
0 . 8 1 1 7 0 . 3 1 1 7
0 . 4 5 5 2 - 0 . 0 4 4 8
0 . 5 7 0 7 0 . 0 7 0 7
5 0
51
5 2
5 3
5 4
5 5
5 6
5 7
5 8
5 9
6 0
61
6 2
6 3
6 4
6 5
66
6 7
68
6 9
7 0
7 1
72
7 3
7 4
7 5
7 6
7 7
7 8
7 9
8 0
8 1
8 2
8 3
8 4
8 5
86
8 7
88
8 9
9 0
9 1
9 2
9 3
46
P a g e  N o : 2
R andom
N u m b er
S a m p le  
V a l u e  =
0 . 0 4 6 6 - 0 . 4 5 3 4
0 .0 2 2 2 - 0 . 4 7 7 8
0 . 5 3 4 9 0 . 0 3 4 9
0 . 9 4 0 0 0 . 4 4 0 0
0 . 6 2 7 8 0 . 1 2 7 8
0 . 2 0 2 4 - 0 . 2 9 7 6
0 . 1 0 7 5 - 0 . 3 9 2 5
0 . 8 4 9 3 0 . 3 4 9 3
0 . 3 4 8 4 - 0 . 1 5 1 6
0 . 8 2 4 6 0 . 3 2 4 6
0 . 4 0 5 3 - 0 . 0 9 4 7
0 . 2 4 6 8 - 0 . 2 5 3 2
0 . 8 6 2 1 0 . 3 6 2 1
0 . 8 7 0 4 0 . 3 7 0 4
0 . 5 4 0 7 0 . 0 4 0 7
0 . 7 4 9 7 0 . 2 4 9 7
0 . 2 5 1 6 - 0 . 2 4 8 4
0 . 3 0 5 2 - 0 . 1 9 4 8
0 . 7 6 1 3 0 . 2 6 1 3
0 . 5 0 7 2 0 . 0 0 7 2
0 . 6 9 2 5 0 . 1 9 2 5
0 . 8 2 9 4 0 . 3 2 9 4
0 . 6 8 2 1 0 . 1 8 2 1
0 .  6 9 1 5 0 . 1 9 1 5
0 . 8 7 1 4 0 . 3 7 1 4
0 .  7 3 0 2 0 . 2 3 0 2
0 . 8 5 2 7 0 . 3 5 2 7
0 . 1 7 1 5 - 0 . 3 2 8 5
0 . 6 5 2 7 0 . 1 5 2 7
0 . 8 8 9 5 0 . 3 8 9 5
0 . 0 2 3 4 - 0 . 4 7 6 6
0 . 5 0 9 5 0 . 0 0 9 5
0 . 8 3 9 9 0 . 3 3 9 9
0 . 8 1 3 0 0 . 3 1 3 0
0 . 0 8 9 7 - 0 . 4 1 0 3
0 . 1 4 0 7 - 0 . 3 5 9 3
0 . 0 7 8 8 - 0 . 4 2 1 2
0 . 3 7 5 2 - 0 . 1 2 4 8
0 . 8 7 7 3 0 . 3 7 7 3
0 . 4 6 3 6 - 0 . 0 3 6 4
0 . 8 0 1 0 0 . 3 0 1 0
0 .  2 0 3 1 - 0 . 2 9 6 9
0 . 1 1 1 4 - 0 . 3 8 8 6
0 . 1 0 4 2 - 0 . 3 9 5 8
0 . 9 4 0 0 0 . 4 4 0 0
0 . 6 2 5 7 0 . 1 2 5 7
0 . 1 5 1 8 - 0 . 3 4 8 2
0 . 5
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S t e p  1 P a g e  No: 3
S a m p le  R an d om  S a m p le
N u m b er  N u m b e r  V a l u e  = R an d om  N u m b e r  -  0 . 5
9 5 0 . 3 1 4 8 - 0 . 1 8 5 2
96 0 . 5 2 3 4 0 . 0 2 3 4
. 9 7 0 . 0 0 2 2 - 0 . 4 9 7 8
9 8 0 . 0 8 0 0 - 0 . 4 2 0 0
9 9 0 . 4 1 2 5 - 0 . 0 8 7 5
100 0 . 6 9 4 9 0 . 1 9 4 9
101 0 . 7 7 8 0 0 . 2 7 8 0
102 0 . 0 1 8 6 - 0 . 4 8 1 4
1 0 3 0 . 6 6 1 9 0 . 1 6 1 9
1 0 4 0 . 4 1 8 2 - 0 . 0 8 1 8
1 0 5 0 . 9 9 6 8 0 . 4 9 6 8
1 0 6 0 . 1 1 1 8 - 0 . 3 8 8 2
1 0 7 0 .1 0 0 1 - 0 . 3 9 9 9
1 0 8 0 . 5 2 5 3 0 . 0 2 5 3
1 0 9 0 . 3 7 9 8 - 0 . 1 2 0 2
110 0 . 7 8 9 7 0 . 2 8 9 7
111 0 . 9 5 9 4 0 . 4 5 9 4
112 0 . 2 4 6 9 - 0 . 2 5 3 1
1 1 3 0 . 8 6 0 0 0 . 3 6 0 0
1 1 4 0 . 7 9 6 0 0 . 2 9 6 0
1 1 5 0 . 7 5 5 7 0 . 2 5 5 7
1 1 6 0 .8 8 8 6 0 . 3 8 8 6
1 1 7 0 . 1 0 0 8 - 0 . 3 9 9 2
1 1 8 0 . 5 3 6 2 0 . 0 3 6 2
1 1 9 0 . 7 9 9 8 0 . 2 9 9 8
120 0 . 0 5 8 8 - 0 . 4 4 1 2
121 0 . 6 6 7 4 0 . 1 6 7 4
122 0 . 0 5 5 8 - 0 . 4 4 4 2
1 2 3 0 . 5 5 2 8 0 . 0 5 2 8
1 2 4 0 . 3 9 8 0 - 0 . 1 0 2 0
1 2 5 0 . 3 7 6 3 - 0 . 1 2 3 7
1 2 6 0 . 9 0 7 4 0 . 4 0 7 4
1 2 7 0 . 0 0 4 0 - 0 . 4 9 6 0
1 2 8 0 . 1 7 2 9 - 0 . 3 2 7 1
1 2 9 0 . 4 6 6 5 - 0 . 0 3 3 5
1 3 0 0 . 9 9 1 4 0 . 4 9 1 4
1 3 1 0 . 3 7 1 1 - 0 . 1 2 8 9
1 3 2 0 . 0 4 8 3 - 0 . 4 5 1 7
1 3 3 0 . 8 2 9 0 0 . 3 2 9 0
1 3 4 0 . 6 2 9 2 0 . 1 2 9 2
1 3 5 0 . 0 5 3 8 - 0 . 4 4 6 2
1 3 6 0 . 9 2 4 2 0 . 4 2 4 2
1 3 7 0 . 6 6 7 8 0 .  1 6 7 8
1 3 8 0 . 0 4 2 9 - 0 . 4 5 7 1
1 3 9 0 . 1 6 3 5 - 0 . 3 3 6 5
1 4 0 0 . 9 8 3 6 0 . 4 8 3 6
1 4 1 0 . 6 9 0 7 0 . 1 9 0 7
48
S t e p  1 P a g e  No: 4
Sample Random Sample
Number Number Value = Random Number - 0.5
1 4 2  0 . 9 2 8 1  0 . 4 2 8 1
1 4 3  0 . 5 3 1 1  0 . 0 3 1 1
1 4 4  0 . 3 5 6 6  - 0 . 1 4 3 4
1 4 5  0 . 5 1 8 9  0 . 0 1 8 9
1 4 6  0 . 1 5 7 9  - 0 . 3 4 2 1
1 4 7  0 . 7 7 8 5  0 . 2 7 8 5
1 4 8  0 . 0 4 1 0  - 0 . 4 5 9 0
1 4 9  0 . 2 4 8 5  - 0 . 2 5 1 5
1 5 0  0 . 8 0 7 1  0 . 3 0 7 1
1 5 1  0 . 3 3 6 0  - 0 . 1 6 4 0
1 5 2  0 . 4 9 7 7  - 0 . 0 0 2 3
1 5 3  0 . 5 8 3 9  0 . 0 8 3 9
1 5 4  0 . 7 7 3 7  0 . 2 7 3 7
1 5 5  0 . 1 8 7 0  - 0 . 3 1 3 0
1 5 6  0 . 0 8 3 9  - 0 . 4 1 6 1
1 5 7  0 . 2 6 5 7  - 0 . 2 3 4 3
1 5 8  0 . 9 5 8 1  0 . 4 5 8 1
1 5 9  0 . 1 2 9 8  - 0 . 3 7 0 2
1 6 0  0 . 5 4 6 7  0 . 0 4 6 7
1 6 1  0 . 5 2 8 5  0 . 0 2 8 5
1 6 2  0 . 2 9 5 2  - 0 . 2 0 4 8
1 6 3  0 . 2 8 5 5  - 0 . 2 1 4 5
1 6 4  0 . 0 2 9 9  - 0 . 4 7 0 1
1 6 5  0 . 8 1 6 0  0 . 3 1 6 0
1 6 6  0 . 0 4 4 6  - 0 . 4 5 5 4
1 6 7  0 . 0 6 2 8  - 0 . 4 3 7 2
1 6 8  0 . 8 2 2 9  0 . 3 2 2 9
1 6 9  0 . 3 5 3 9  - 0 . 1 4 6 1
1 7 0  0 . 7 1 2 2  0 . 2 1 2 2
1 7 1  0 . 0 8 3 7  - 0 . 4 1 6 3
1 7 2  0 . 2 7 4 6  - 0 . 2 2 5 4
1 7 3  0 . 6 4 5 5  0 . 1 4 5 5
1 7 4  0 . 6 9 1 0  0 . 1 9 1 0
1 7 5  0 . 9 1 5 5  0 . 4 1 5 5
1 7 6  0 . 3 4 9 7  - 0 . 1 5 0 3
1 7 7  0 . 7 6 0 2  0 . 2 6 0 2
1 7 8  0 . 5 5 0 2  0 . 0 5 0 2
1 7 9  0 . 2 5 0 7  - 0 . 2 4 9 3
1 8 0  0 . 2 7 4 4  - 0 . 2 2 5 6
1 8 1  0 . 6 4 0 7  0 . 1 4 0 7
1 8 2  0 . 5 8 6 9  0 . 0 8 6 9
1 8 3  0 . 7 2 8 8  0 . 2 2 8 8
1 8 4  0 . 8 3 1 5  0 . 3 3 1 5
1 8 5  0 . 7 2 4 0  0 . 2 2 4 0
1 8 6  0 . 7 4 6 2  0 . 2 4 6 2
1 8 7  0 . 3 4 8 8  - 0 . 1 5 1 2
1 8 8  0 . 8 6 8 9  0 . 3 6 8 9
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
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P a g e  No: 5
Random
Number
Sample 
Value =
0.6026 0.1026
0.4211 -0.0789
0.8842 0.3842
0.1931 -0.3069
0.3235 -0.1765
0.8284 0.3284
0.6516 0.1516
0.8270 0.3270
0.4581 -0.0419
0.6365 0.1365
0.3853 -0.1147
0.6594 0.1594
0.3348 -0.1652
0.0995 -0.4005
0.6002 0.1002
0.0202 -0.4798
0.6152 0. 1152
0.6822 0.1822
0.7156 0.2156
0.2148 -0.2852
0.5205 0.0205
0.0638 -0.4362
0.8505 0.3505
0.2748 -0.2252
0.6496 0.1496
0.7743 0.2743
0.1692 -0.3308
0.7088 0.2088
0.4046 -0.0954
0.2113 -0.2887
0.6115 0.1115
0.6015 0.1015
0.0504 -0.4496
0.7681 0.2681
0.3924 -0.1076
0.3490 -0. 1510
0.8616 0.3616
0.8556 0.3556
0.0497 -0.4503
0.7996 0.2996
0.0562 -0.4438
0.5325 0.0325
0.8876 0.3876
0.0744 -0.4256
0.6495 0.1495
0.7793 0.2793
0.0531 -0.4469
Random Number - 0.5
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S t e p  1 P a g e  No: 6
Sample Random Sample
Number Number Value = Random Number - 0.5
236 0.8974 0.3974
237 0.9172 0.4172
238 0.3040 -0.1960
239 0.6849 0.1849
240 0.5020 0.0020
241 0.5812 0.0812
242 0.9800 0.4800
243 0.5996 0.0996
244 0.0061 -0.4939
245 0.2233 -0.2767
246 0.1897 -0.3103
247 0.4051 -0.0949
248 0.1999 -0.3001
249 0.0146 -0.4854
250 0.4037 -0.0963
251 0.1642 -0.3358
252 0.5779 0.0779
253 0.2499 -0.2501
254 0.7504 0.2504
255 0.7536 0.2536
256 0.8546 0.3546
257 0.2357 -0.2643
258 0.6481 0.1481
259 0.6368 0.1368
260 0.3323 -0.1677
261 0.0425 -0.4575
262 0.1644 -0.3356
263 0.5650 0.0650
264 0.2560 -0.2440
265 0.4780 -0.0220
266 0.0459 -0.4541
267 0.0593 -0.4407
268 0.6848 0.1848
269 0.5008 0.0008
270 0.5217 0.0217
271 0.0481 -0.4519
272 0.8390 0.3390
273 0.8763 0.3763
274 0.4168 -0.0832
275 0.7596 0.2596
276 0.5859 0.0859
277 0.8144 0.3144
278 0.1206 -0.3794
279 0.3050 -0.1950
280 0.7700 0.2700
281 0.3737 -0.1263
282 0.1585 -0.3415
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S t e p  1 P a g e  No: 7
Sample Random Sample
Number Number Value = Random Number - 0.5
283 0.8606 0.3606
284 0.7765 0.2765
285 0.1877 -0.3123
286 0.4430 -0.0570
287 0.0755 -0.4245
288 0.6816 0.1816
289 0.6611 0.1611
290 0 . 3795 -0.1205
291 0.7882 0.2882
292 0.6041 0.1041
293 0.4526 -0.0474
294 0.3447 -0.1553
295 0.9996 0.4996
296 0 . 0075 -0.4925
297 0.2044 -0.2956
298 0.8009 0.3009
299 0.2003 -0.2997
300 0.0538 -0.4462
301 0.9219 0.4219
302 0.7495 0.2495
303 0.2575 -0.2425
304 0.4582 -0.0418
305 0.6345 0.1345
306 0.4676 -0.0324
307 0.8897 0.3897
308 0.0357 -0.4643
309 0.2533 -0.2467
310 0.3703 -0.1297
311 0.0447 -0.4553
312 0.0768 -0.4232
313 0.7080 0.2080
314 0.4264 -0.0736
315 0.0855 -0.4145
316 0.3189 -0.1811
317 0.6839 0.1839
318 0.5430 0.0430
319 0.6136 0.1136
320 0.6325 0.1325
321 0.0869 -0.4131
322 0.2079 -0.2921
323 0.9314 0 .4314
324 0.9127 0.4127
325 0.2077 -0.2923
326 0.9287 0.4287
327 0.5110 0.0110
328 0.7675 0.2675
329 0.4784 -0.0216
52
S t e p  1 P a g e  No: 8
Sample Random Sample
Number Number Value = Random Number - 0.5
330 0.0567 -0.4433
331 0.5629 0.0629
332 0.3201 -0.1799
333 0.6517 0.1517
334 0.8237 0.3237
335 0.3428 -0.1572
336 0.3106 -0.1894
337 0.9850 0.4850
338 0.4197 -0.0803
339 0.9477 0.4477
340 0.9870 0.4870
341 0.4887 -0.0113
342 0.7643 0.2643
343 0.6553 0.1553
344 0.9853 0.4853
345 0.4113 -0.0887
346 0.6814 0.1814
347 0.6703 0.1703
348 0.1593 -0.3407
349 0.8356 0.3356
350 0.5778 0.0778
351 0.2352 -0.2648
352 0.6697 0.1697
353 0.1942 -0.3058
354 0.3008 -0.1992
355 0.6880 0.1880
356 0.9435 0.4435
357 0.5334 0.0334
358 0.9895 0.4895
359 0.2818 -0.2182
360 0.1725 -0.3275
361 0.4765 -0.0235
362 0.4353 -0.0647
363 0.2770 -0.2230
364 0.7134 0.2134
365 0.0612 -0.4388
366 0.7236 0.2236
367 0.6916 0.1916
368 0.8706 0.3706
369 0.5524 0.0524
370 0.4851 -0.0149
371 0.9140 0.4140
372 0.2386 -0.2614
373 0.5156 0.0156
374 0.9316 0.4316
375 0.9065 0.4065
376 0.0394 -0.4606
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
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P a g e  No: 9
Random
Number
Sample 
Value =
0.1896 -0.3104
0.4041 -0.0959
0.1821 -0.3179
0.2030 -0.2970
0.1110 -0.3890
0.0129 -0.4871
0.4897 -0.0103
0.7843 0.2843
0.7187 0.2187
0.1672 -0.3328
0.5563 0.0563
0.0466 -0.4534
0.0257 -0.4743
0. 9785 0.4785
0.5471 0.0471
0.3734 -0.1266
0.1821 -0.3179
0.2099 -0.2901
0.9745 0.4745
0 . 9768 0.4768
0 .5125 0.0125
0.9456 0.4456
0.9200 0.4200
0.4179 -0.0821
0.7813 0.2813
0.6708 0.1708
0.1761 -0.3239
0.3252 -0.1748
0.3777 0.3777
0.4463 -0.0537
0.4259 -0.0741
0.0641 -0.4359
0.8743 0.3743
0.6528 0.1528
0.8854 0.3854
0.1700 -0.3300
0.6639 0.1639
0.4921 -0.0079
0.8555 0. 3555
0.0503 -0.4497
0.7660 0.2660
0.4578 -0.0422
0.6873 0.1873
0.5775 0.0775
0.2295 -0.2705
0.3718 -0.1282
0.2434 -0.2566
Sample Random Sample
Number Number Value = Random Number - 0.5
424 0.
425 0.
426 0.
427 0.
428 0.
429 0.
430 0.
431 0.
432 0.
433 0.
434 0.
435 0.
436 0.
437 0 .
438 0.
439 0.
440 0.
441 0.
442 0.
443 0.
444 0.
445 0.
446 0.
447 0.
448 0.
449 0.
450 0.
451 0.
452 0.
453 0.
454 0.
455 0.
456 0.
457 0.
458 0.
459 0.
460 0.
461 0.
462 0.
463 0.
464 0.
465 0.
466 0.
467 0.
468 0.
469 0.
470 0.
0.4850 
-0.0819 
0.4938 
-0.2724 
-0.2132 
-0.4565 
-0.3946 
0.4764 
0.4254 
0.1528 
0.3844 
-0.2883 
0.1004 
-0.4734 
0.4464 
0.3840 
-0.3002 
-0.4889 
-0.2272 
0.2792 
-0.4474 
0.4857 
-0.0968 
-0.3547 
-0.2561 
0.4799 
0.1225 
0.4438 
0.0446 
0.0721 
-0.4812 
0.1570 
-0.1959 
0.1870 
0.0694 
-0.1156 
0.2095 
-0.0302 
-0.1796 
0.2963 
0.2607 
0.0191 
-0.3186 
-0.3322 
0.0330 
0.3997 
0.0180
9850
4181
9938
2276
2868
0435
1054
9764
9254
6528
8844
2117
6004
0266
9464
8840
1998
0111
2728
7792
0526
9857
4032
1453
2439
9799
6225
9438
5446
5721
0188
6570
3041
6870
5694
3844
7095
4698
3204
7963
7607
5191
1814
1678
5330
8997
5180
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
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P a g e  No: 11
Random
Number
Sample 
Value =
0 .1394 -0.3606
0.7742 0.2742
0.1646 -0.3354
0 .5937 0.0937
0.5426 0.0426
0 .6586 0. 1586
0.3717 -0.1283
0.2455 -0.2545
0.9111 0.4111
0.1253 -0.3747
0.6367 0. 1367
0.3902 -0.1098
0.5548 0.0548
0.0214 -0.4786
0 .5788 0.0788
0.8845 0.3845
0.2146 -0.2854
0.5157 0.0157
0.2130 -0.2870
0 . 5369 0.0369
0.7932 0.2932
0.8654 0.3654
0.9605 0.4605
0.1961 -0.3039
0.1772 -0.3228
0.3509 -0.1491
0.7964 0.2964
0.7666 0.2666
0.485 5 -0.0145
0.9040 0.4040
0.6862 0.1862
0.6091 0.1091
0.3301 -0.1699
0.2016 -0.2984
0.0712 -0.4288
0.5479 0.0479
0.3322 -0.1678
0.0352 -0.4648
0.2702 -0.2298
0.8606 0.3606
0.7717 0.2717
0.3064 -0.1936
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S t e p  2 P a g e  No: 1
Real part Imaginary part Amplitude Spectrum 
i XR[i] XI[i] AM[ i ]
1 -0.9653 0.0000 0.0018
2 2.5553 2.4712 0.0247
3 -2.7975 -0.7082 0.0163
4 2.3625 -4.1182 0.0440
5 -5.9804 1.7158 0.0756
6 0.1594 -1.8565 0.0068
7 1.4782 -0.3389 0.0045
8 -3.0036 7.7735 0.1356
9 -0.2163 -3.4437 0.0233
10 7.4460 -7.4020 0.2153
11 -8.1314 1.7735 0.1353
12 -1.0645 0.2270 0.0023
13 -10.5419 1.0642 0.2193
14 -2.8796 5.8295 0.0826
15 7.1571 1.7378 0.1059
16 0.3715 0.2798 0.0004
17 -6.2200 -4.2598 0.1110
18 0.7931 -4.6859 0.0441
19 4.1791 -2.0594 0.0424
20 -0.2665 0.0884 0.0002
21 -5.0282 -5.5579 0.1097
22 -2.0876 -4.4733 0.0476
23 4.1434 2.9162 0.0501
24 -5.6036 -3.6169 0.0869
25 3.0850 -6.0083 0.0891
26 -5.7859 -2.8126 0.0808
27 5.8240 2.3761 0.0773
28 1.6321 1.6126 0.0103
29 2.0089 2.3225 0.0184
30 -1.7352 -5.9577 0.0752
31 6.9509 -0.8298 0.0957
32 -6.8615 -7.3112 0.1964
33 9.1251 -2.7784 0.1777
34 -4.2444 1.5495 0.0399
35 -3.2350 0.4969 0.0209
36 -5.3321 -2.7666 0.0705
37 5.2518 2.1967 0.0633
38 -5.2323 -2.7965 0.0687
39 -9.8577 -1.9021 0.1969
40 2.4004 -2.1335 0.0201
41 3.5772 7.8815 0.1463
42 2.5767 5.7659 0.0779
43 0.3883 4.4467 0.0389
44 -3.4591 0.8817 0.0249
45 6.4375 4.3612 0.1181
46 4.3092 1.0122 0.0383
47 1.0880 -0.4031 0.0026
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S t e p  2 P a g e  No: 2
Real part Imaginary part Amplitude Spectrum 
i XR[i ] XI[i] AM [ i ]
48 3.0048 1.8667 0.0244
49 -2.9598 -3.9597 0.0477
50 -0.3144 3.9330 0.0304
51 0.7804 9.8392 0.1903
52 0.4998 -2.9979 0.0180
53 0.8779 5.1723 0.0538
54 -2.1579 4.4063 0.0470
55 -6.2703 7.1453 0.1765
56 1.1584 -0.8655 0.0041
57 -1.8990 0.1844 0.0071
58 -2.5216 4.5153 0.0522
59 5.1167 2.9958 0.0687
60 2.1961 0.0274 0.0094
61 2.1017 3.5208 0.0328
62 -6.9803 -0.8737 0.0967
63 -0.3377 -11.7211 0.2685
64 -5.9861 -3.7630 0.0976
65 -4.8515 4.0148 0.0775
66 -0.0084 0.0479 0.0000
67 -2.3911 -0.8884 0.0127
68 -2.8617 1.1818 0.0187
69 -0.4728 -4.3132 0.0368
70 -2.5343 -1.1757 0.0152
71 3.6056 2.7463 0.0401
72 7.7467 -2.2064 0.1267
73 0.8659 3.9303 0.0316
74 -1.4756 -6.3398 0.0828
75 -0.7502 -6.3352 0.0795
76 1.2161 -0.6981 0.0038
77 3.0425 10.1639 0.2198
78 -1.2405 8.4902 0.1438
79 -5.1038 3.3457 0.0727
80 -2.2785 -1.9386 0.0175
81 -0.2101 -2.0623 0.0084
82 -2.3060 -2.3493 0.0212
83 8.6288 6.4244 0.2260
84 4.1975 6.9779 0.1295
85 5.3485 2.8293 0.0715
86 -0.9896 -2.3096 0.0123
87 -18.8923 -4.3292 0.7337
88 -5.3510 -4.8793 0.1024
89 -3.5760 -5.7467 0.0895
90 -0.9357 4.2201 0.0365
91 -5.7860 0.9887 0.0673
92 2.3297 -3.5602 0.0354
93 4.9451 -1.3788 0.0515
94 -7.7987 4.2655 0.1543
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S t e p  2 P a g e  No: 3
i
Real part 
XR[ i ]
Imaginary part 
XI [ i ]
Amplitude 
AM [ i ]
95 5.0639 -3 . 3782 0.0724
96 9.4907 -0 . 3813 0. 1762
97 0.4073 -7.0589 0.0976
98 -4.5278 8.7582 0.1899
99 -2.7313 1.8165 0.0210
100 -2.4252 0.5084 0.0120
101 5.0106 4.0411 0.0809
102 -6.5446 5.6087 0.1451
103 -1.4019 -0.3085 0.0040
104 7.1295 -2.5240 0.1117
105 1.8318 -8.5862 0.1505
106 -1 .4257 -1.6006 0.0090
107 -11.0967 6.3838 0.3201
108 -5.2294 0.0160 0.0534
109 -3.2647 -1.2304 0.0238
110 -1 .4360 -0.0556 0.0040
111 -6.6489 -1.3585 0.0899
112 -5.6430 -1.4619 0.0664
113 -8.6009 2.1185 0.1533
114 1.8898 -6.6013 0.0921
115 -1.2828 -4.4195 0.0414
116 -3.0103 -2.8684 0.0338
117 -6.4966 1 . 1487 0.0850
118 -3.3984 -0.4361 0.0229
119 -4.7960 -1 . 3632 0.0486
120 4.9575 3.6813 0.0745
121 -11.3174 2.9641 0.2673
122 1.8001 -0.7142 0.0073
123 -3.8397 -0. 1024 0.0288
124 3.5428 -4.4159 0.0626
125 2.4236 -3.3329 0.0332
126 1.9565 -11 .4672 0.2643
127 -7.2254 1.0356 0.1041
128 -2.3275 6.3034 0.0882
129 -1.4302 -4.0274 0.0357
130 -0.2076 -5.9928 0.0702
131 1.8675 2.7125 0.0212
132 -2.9174 0.8653 0.0181
133 -6.9195 -2.4982 0.1057
134 -6.1883 1.1190 0.0772
135 6.5704 7.7039 0.2002
136 0.1293 -3.1508 0.0194
137 2. 5858 -5.0612 0.0631
138 -2.8001 -2.5829 0.0283
139 -1. 2374 -0.6850 0.0039
140 -1.6617 16.1071 0.5121
141 -1.4341 -0.3227 0.0042
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S t e p  2 P a g e  No: 4
i
Real part 
XR[ i ]
Imaginary part 
XI [ i 3
Amplitude 
AM [ i ]
142 -2.9506 2. 8481 0.0328
143 -12.6121 -4.1904 0.3450
144 9.0760 0.0244 0.1609
145 1.5102 -1.9843 0.0121
146 0.1926 -5.5332 0.0599
147 -5.5703 3.3957 0.0831
148 5.3569 -0.0274 0.0560
149 5.5578 -6.5971 0.1453
150 -6.0802 -2.4142 0.0836
151 1.6635 -1.7625 0.0115
152 12.2255 -6.5297 0.3752
153 1.8722 2. 2928 0.0171
154 -4.3551 2.8379 0.0528
155 1.2629 4.7214 0.0467
156 1.1294 0.2118 0.0026
157 -1.4408 -0.1278 0.0041
158 2.3382 -3.4629 0.0341
159 -6.1556 -1.4803 0.0783
160 6.2243 -6.1330 0.1491
161 -3.3013 2.0251 0.0293
162 -6.9059 -0.7928 0.0944
163 10.0366 2.2318 0.2065
164 0.4628 0.1747 0.0005
165 -3.3088 -7.2258 0.1234
166 1 .6321 -5.6465 0.0675
167 1.2040 -0.8823 0.0044
168 4.9092 9.6779 0.2300
169 -11.2672 0.7903 0.2492
170 6 .'4023 2.3990 0.0913
171 -5.5463 4.5597 0.1007
172 -2.4696 -0.7723 0.0131
173 1 .4005 5.3249 0.0592
174 -5.6838 1.6267 0.0683
175 10.3273 -5.9631 0.2778
176 3.4822 0.0712 0.0237
177 1.9758 -0.2162 0.0077
178 -12.1734 1.3763 0.2931
179 6.2187 -1.2251 0.0785
180 -8.6264 -1.7101 0.1511
181 -5.0443 5.5197 0.1092
182 0.3655 -4.8550 0.0463
183 -1.6141 4.3359 0.0418
184 8.3545 -7.5139 0.2466
185 -10.6499 2.0989 0.2301
186 1.3307 3.0141 0.0212
187 -5.7662 0.8022 0.0662
188 2.9170 6.3486 0.0953
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Step 2 Page No: 5
i
Real part 
XR[i]
Imaginary part 
XI[i]
Amplitude Spectrum 
AM [ i ]
189 3.4573 0.2432 0.0235
190 5.0001 10 . 3062 0.2563
191 -5.6638 -1.0634 0.0649
192 1.7676 -4.8506 0.0521
193 5.2110 0.6301 0 . 0538
194 -5.9154 -4.0106 0.0998
195 -1.3502 -5.1918 0.0562
196 -4.7698 6.6156 0.1299
197 5.6320 4.1165 0.0950
198 3.4794 -4.9352 0.0712
199 -4.9456 -3.4664 0.0712
200 -4 . 9228 5.3780 0.1038
201 10.9728 -2.0130 0.2431
202 -4.3101 -0.7419 0.0374
203 -0.6477 -2.1346 0.0097
204 -0.2574 -2.9916 0.0176
205 -5.8330 2.9793 0.0838
206 6.0262 3.0278 0.0888
207 5.0391 -5 .3732 0.1060
208 -1.4379 0.8979 0.0056
209 -5.0301 0.2718 0.0496
210 4.0630 6.9588 0.1268
211 -1.2647 -2.4533 0.0149
212 -3.5990 -6.1905 0.1001
213 3.3870 -1.2050 0.0252
214 1.0392 5.8862 0.0698
215 -6.6224 7.9700 0.2097
216 -7.9818 5.3713 0.1808
217 -5.2682 4.6179 0.0959
218 -5.1088 5.9805 0.1208
219 -0.2014 -4.5109 0.0398
220 4.0725 -7.8155 0.1517
221 -6.5923 7.7854 0.2033
222 8.4185 0.0542 0.1384
223 -2.3664 -3.0273 0.0288
224 -0.9019 -4.3510 0.0386
225 8.6181 1.9558 0.1525
226 6 .6218 -3.3028 0.1069
227 2.8683 6.6425 0.1022
228 1 .5228 -0.4096 0.0049
229 0.2488 8.4028 0.1380
230 -3.5773 0.2976 0.0252
231 5.4564 2.5290 0.0706
232 6.6538 1 .7416 0.0924
233 -2.4300 -4.1771 0.0456
234 -4.3293 0.2865 0.0368
235 -0.1092 3 .4448 0.0232
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S t e p  2 P a g e  No: 6
i
Real part 
XR[ i ]
Imaginary part 
XI [ i ]
Amplitude 
AM [ i ]
236 1.2532 -0.8408 0.0044
237 5.0351 1.1616 0.0522
238 1.1606 -3.3754 0.0249
239 -1.0489 1.0440 0.0043
240 3.4304 -7.1400 0.1226
241 -3.2422 -1.9675 0.0281
242 13.6482 4.9940 0.4125
243 -0.7900 7.1712 0.1017
244 -7.1672 3.1559 0.1198
245 -5.9067 -4.7310 0.1119
246 -4.4502 -0.6615 0.0395
247 2.8709 -2.4057 0.0274
248 2.8836 -0.6734 0.0171
249 -1.2233 2.0975 0.0115
250 -7.1019 3.8962 0.1282
251 -8.0076 6.0146 0.1959
252 4.3824 2.7753 0.0526
253 -2.3421 8.2127 0.1424
254 0.1386 3.8806 0.0295
255 4.2372 3.2371 0.0555
256 9.5423 -0.0712 0.1779
257 9.2358 0.0000 0.1666
258 9.5423 0.0712 0.1779
259 4.2372 -3.2371 0.0555
260 0.1386 -3.8806 0.0295
261 -2.3421 -8.2127 0.1424
262 4.3824 -2.7753 0.0526
263 -8.0076 -6.0146 0.1959
264 -7.1019 -3.8962 0.1282
265 -1.2233 -2.0975 0.0115
266 2.8836 0.6734 0.0171
267 2.8709 2.4057 0.0274
268 -4.4502 0.6615 0.0395
269 -5.9067 4.7310 0.1119
270 -7.1672 -3.1558 0.1198
271 -0.7900 -7.1712 0.1017
272 13.6482 -4.9940 0.4125
273 -3.2422 1.9675 0.0281
274 3.4304 7.1400 0.1226
275 -1.0489 -1 .0440 0.0043
276 1.1606 3.3754 0.0249
277 5.0351 -1.1616 0.0522
278 1.2532 0.8408 0.0044
279 -0.1092 -3.4448 0.0232
280 -4.3293 -0.2865 0.0368
281 -2.4300 4.1771 0.0456
282 6.6538 -1.7416 0.0924
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S t e p  2 P a g e  No: 7
i
Real part 
XR[i]
Imaginary part 
XI[i]
Amplitude 
AM[ i ]
283 5.4564 -2 . 5290 0.0706
284 -3.5773 -0.2976 0.0252
285 0.2488 -8.4028 0.1380
286 1.5228 0.4096 0.0049
287 2.8683 -6.6425 0.1022
288 6.6218 3.3028 0.1069
289 8.6181 -1.9558 0.1525
290 -0.9019 4.3510 0.0386
291 -2.3664 3.0273 0.0288
292 8.4185 -0.0542 0.1384
293 -6.5923 -7.7854 0.2033
294 4.0725 7.8155 0.1517
295 -0.2014 4.5109 0.0398
296 -5.1088 -5.9804 0.1208
297 -5.2682 -4.6179 0.0959
298 -7.9818 -5.3713 0.1808
299 -6.6224 -7.9700 0.2097
300 1.0392 -5.8862 0.0698
301 3.3870 1.2050 0.0252
302 -3.5990 6.1905 0.1001
303 -1.2647 2.4533 0.0149
304 4.0630 -6.9588 0.1268
305 -5.0301 -0.2718 0.0496
306 -1.4379 -0.8979 0.0056
307 5.0391 5.3732 0.1060
308 6.0262 -3.0278 0.0888
309 -5.8330 -2.9793 0.0838
310 -0.2574 2.9916 0.0176
311 -0.6477 2.1346 0.0097
312 -4.3101 0.7419 0.0374
313 10.9728 2.0130 0.2431
314 -4.9228 -5.3780 0.1038
315 -4.9456 3.4664 0.0712
316 3.4794 4.9352 0.0712
317 5.6320 -4.1165 0.0950
318 -4.7698 -6.6156 0.1299
319 -1.3502 5.1918 0.0562
320 -5.9154 4.0106 0.0998
321 5.2110 -0.6301 0.0538
322 1.7676 4.8506 0.0521
323 -5.6638 1.0634 0.0649
324 5.0001 -10.3062 0.2563
325 3.4573 -0.2432 0.0235
326 2.9170 -6.3486 0.0953
327 -5.7662 -0.8022 0.0662
328 1.3307 -3.0141 0.0212
329 -10.6499 -2.0989 0.2301
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Step 2 Page No: 8
i
Real part 
XR [ i ]
Imaginary part 
XI f i ]
Amplitude Spectrum 
AM[ i ]
330 8.3545 7.5139 0.2466
331 -1.6141 -4.3359 0.0418
332 0.3655 4.8550 0.0463
333 -5.0443 -5.5197 0.1092
334 -8.6264 1.7101 0.1511
335 6.2187 1 .2251 0.0785
336 -12.1734 -1.3763 0.2931
337 1.9758 0.2162 0.0077
338 3.4822 -0.0712 0.0237
339 10.3273 5.9631 0.2778
340 -5.6838 -1.6267 0.0683
341 1.4005 -5.3249 0.0592
342 -2.4696 0.7723 0.0131
343 -5.5463 -4.5597 0.1007
344 6.4023 -2.3990 0.0913
345 -11.2672 -0.7903 0.2492
346 4.9092 -9.6779 0.2300
347 1.2040 0.8823 0.0044
348 1.6321 5.6465 0.0675
349 -3.3088 7.2258 0.1234
350 0.4628 -0.1747 0.0005
351 10.0366 -2.2318 0.2065
352 -6.9059 0.7929 0.0944
353 -3.3013 -2.0251 0.0293
354 6.2243 6.1330 0.1491
355 -6.1556 1.4803 0.0783
356 2.3382 3.4629 0.0341
357 -1.4408 0.1278 0.0041
358 1.1294 -0.2118 0.0026
359 1 .2629 -4. 7214 0.0467
360 -4.3551 -2.8379 0.0528
361 1.8722 -2.2928 0.0171
362 12.2255 6.5297 0.3752
363 1 .6635 1.7625 0.0115
364 -6.0802 2.4142 0.0836
365 5.5578 6.5971 0.1453
366 5.3569 0.0274 0.0560
367 -5.5703 -3.3957 0.0831
368 0.1926 5.5332 0.0599
369 1.5102 1.9843 0.0121
370 9.0760 -0.0244 0.1609
371 -12.6121 4.1904 0.3450
372 -2.9506 -2.8481 0.0328
373 -1.4341 0.3227 0.0042
374 -1.6617 -16.1071 0.5121
375 -1.2374 0.6850 0.0039
376 -2.8001 2.5829 0.0283
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Step 2 Page No: 9
i
Real part 
XR[ i ]
Imaginary part 
XI[i]
Amplitude Spectrum 
AM [ i ]
377 2. 5858 5.0612 0.0631
378 0.1293 3.1508 0.0194
379 6.5704 -7.7039 0.2002
380 -6.1883 -1.1190 0.0772
381 -6.9195 2.4982 0.1057
382 -2.9174 -0.8653 0.0181
383 1 .8675 -2.7125 0.0212
384 -0.2076 5.9928 0.0702
385 -1.4302 4.0274 0.0357
386 -2.3275 -6.3034 0.0882
387 -7.2254 -1.0356 0.1041
388 1.9565 11.4672 0.2643
389 2.4236 3.3329 0.0332
390 3 . 5428 4.4159 0.0626
391 -3 . 8397 0.1024 0.0288
392 1.8001 0.7142 0.0073
393 -11.3174 -2.9641 0.2673
394 4.9575 -3.6813 0.0745
395 -4.7960 1.3632 0.0486
396 -3.3984 0.4361 0.0229
397 -6.4966 -1 .1487 0.0850
398 -3.0103 2.8684 0.0338
399 -1.2828 4.4195 0.0414
400 1.8898 6.6013 0.0921
401 -8.6009 -2.1185 0.1533
402 -5.6430 1 .4619 0.0664
403 -6.6489 1 .3585 0.0899
404 -1.4360 0.0556 0.0040
405 -3.2647 1 .2304 0.0238
406 -5.2294 -0.0160 0.0534
407 -11.0967 -6.3838 0.3201
408 -1.4257 1 .6006 0.0090
409 1.8318 8.5862 0.1505
410 7.1295 2.5240 0.1117
411 -1.4019 0.3085 0.0040
412 -6.5446 -5.6087 0.1451
413 5.0106 -4 .0411 0.0809
414 -2.4252 -0.5084 0.0120
415 -2.7313 -1.8164 0.0210
416 -4.5278 -8.7582 0.1899
417 0.4073 7.0589 0.0976
418 9.4907 0.3813 0.1762
419 5.0639 3.3782 0.0724
420 -7.7987 -4.2655 0.1543
421 4.9451 1.3788 0.0515
422 2.3297 3.5602 0.0354
423 -5.7860 -0.9887 0.0673
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S t e p  2 P a g e  No: 10
i
Real part 
XR[ i ]
Imaginary part 
XI [ i ]
Amplitude 
AM[ i ]
424 -0.9357 -4.2201 0.0365
425 -3.5760 5.7467 0.0895
426 -5 .3510 4.8793 0.1024
427 -18.8923 4.3292 0.7337
428 -0.9896 2.3096 0.0123
429 5 . 3485 -2.8293 0.0715
430 4.1975 -6.9779 0.1295
431 8.6288 -6.4244 0.2260
432 -2.3060 2.3493 0.0212
433 -0.2101 2.0623 0.0084
434 -2.2785 1 . 9386 0.0175
435 -5.1038 -3.3457 0.0727
436 -1.2405 -8.4902 0.1438
437 3.0425 -10.1639 0.2198
438 1.2161 0.6981 0.0038
439 -0.7502 6.3352 0.0795
440 -1 .4756 6.3398 0.0828
441 0.8659 -3.9303 0.0316
442 7 . 7467 2.2064 0.1267
443 3 . 6056 -2.7463 0.0401
444 -2.5343 1.1757 0.0152
445 -0.4728 4.3132 0.0368
446 -2.8617 -1.1818 0.0187
447 -2.3911 0.8884 0.0127
448 -0.0084 -0.0479 0.0000
449 -4.8515 -4.0148 0.0775
450 -5.9861 3.7630 0.0976
451 -0.3377 11 .7211 0.2685
452 -6.9803 0.8737 0.0967
453 2.1017 -3.5208 0.0328
454 2.1961 -0.0274 0.0094
455 5.1167 -2.9958 0.0687
456 -2.5216 -4.5153 0.0522
457 -1.8990 -0.1844 0.0071
458 1.1584 0.8655 0.0041
459 -6.2704 -7.1453 0.1765
460 -2.1579 -4.4063 0.0470
461 0.8779 -5.1723 0.0538
462 0.4998 2.9979 0.0180
463 0.7804 -9.8392 0.1903
464 -0.3144 -3.9330 0.0304
465 -2.9598 3.9597 0.0477
466 3.0048 -1.8667 0.0244
467 1.0880 0.4031 0.0026
468 4.3092 -1.0122 0.0383
469 6.4375 -4.3612 0.1181
470 -3.4591 -0.8817 0.0249
6 6
S t e p  2 P a g e  No: 11
i
Real part 
XR[ i ]
Imaginary part 
XI[i]
Amplitude 
AM[ i ]
471 0.3883 -4.4467 0.0389
472 2.5767 -5. 7659 0.0779
473 3.5772 -7.8815 0.1463
474 2.4004 2.1335 0.0201
475 -9.8577 1.9021 0.1969
476 -5.2323 2.7965 0.0687
477 5.2518 -2.1967 0.0633
478 -5.3321 2.7666 0.0705
479 -3.2350 -0.4969 0.0209
480 -4.2444 -1.5495 0.0399
481 9.1251 2.7784 0.1777
482 -6.8615 7.3112 0.1964
483 6.9509 0.8298 0.0957
484 -1.7352 5.9577 0.0752
485 2.0089 -2.3225 0.0184
486 1.6321 -1.6126 0.0103
487 5.8240 -2.3761 0.0773
488 -5.7859 2.8126 0.0808
489 3.0850 6.0083 0.0891
490 -5.6035 3.6169 0.0869
491 4.1434 -2.9162 0.0501
492 -2.0875 4.4733 0.0476
493 -5.0282 5.5579 0.1097
494 -0.2665 -0.0884 0.0002
495 4.1791 2.0594 0.0424
496 0.7931 4.6859 0.0441
497 -6.2200 4.2598 0.1110
498 • 0.3715 -0.2798 0.0004
499 7.1571 -1.7378 0.1059
500 -2.8796 -5.8295 0.0826
501 -10.5419 -1.0642 0.2193
502 -1.0645 -0.2270 0.0023
503 -8.1314 -1.7735 0.1353
504 7.4460 7.4020 0.2153
505 -0.2163 3.4437 0.0233
506 -3.0036 -7.7735 0.1356
507 1.4782 0.3389 0.0045
508 0.1594 1.8565 0.0068
509 -5.9804 -1.7158 0.0756
510 2.3625 4.1182 0.0440
511 -2.7975 0.7082 0.0163
512 2.5553 -2.4712 0.0247
S t e p  3 P a g e  No: 1
67
n Sample value (After run inverse fourier transform.)
1 -0.4890
2 -0.2302
3 0.3547
4 -0.2608
5 0.0290
6 -0.1935
7 0.2953
8 0.2862
9 0.0517
10 -0.0411
11 0.1453
12 0.2377
13 -0.3085
14 -0.1340
15 -0.0579
16 -0.4038
17 0.1693
18 -0.2936
19 0.3539
20 -0.2894
21 0.4406
22 0.1845
23 0.0588
24 -0.3436
25 0.2867
26 0.0372
27 0.3170
28 -0.2692
29 -0.0768
30 -0.2936
31 0.3566
32 -0.4760
33 0.4183
34 -0.0041
35 0.1774
36 0.3622
37 0.3683
38 0.1230
39 0.4570
40 -0.3868
41 -0.4082
42 -0.4785
43 0.0605
44 -0.2517
45 0.3117
46 -0.0448
47 0.0707
S t e p  3 P a g e  No: 2
6 8
n Sample value (After run inverse fourier transform.)
48 -0.4534
49 -0.4778
50 0.0349
51 0.4400
52 0.1278
53 -0.2976
54 -0.3925
55 0.3493
56 -0.1516
57 0.3246
58 -0.0947
59 -0.2532
60 0.3621
61 0.3704
62 0.0407
63 0.2497
64 -0.2484
65 -0.1948
66 0.2613
67 0.0072
68 0.1925
69 0.3294
70 0.1821
71 0.1915
72 0.3714
73 0.2302
74 0.3527
75 -0.3285
76 0.1527
77 0.3895
78 -0.4766
79 0.0095
80 0.3399
81 0.3130
82 -0.4103
83 -0.3593
84 -0.4212
85 -0.1248
86 0.3773
87 -0.0364
88 0.3010
89 -0.2969
90 -0.3886
91 -0.3958
92 0.4400
93 0.1257
94 -0.3482
S t e p  3 P a g e  No: 3
69
n Sample value (After run inverse fourier transform.)
95 -0.1852
96 0.0234
97 -0.4978
98 -0.4200
99 -0.0875
100 0.1949
101 0.2780
102 -0.4814
103 0.1619
104 -0.0818
105 0.4968
106 -0.3882
107 -0.3999
108 0.0253
109 -0.1202
110 0.2897
111 0.4594
112 -0.2531
113 0.3600
114 0.2960
115 0.2557
116 0.3886
117 -0.3992
118 0.0362
119 0.2998
120 -0.4412
121 0.1674
122 -0.4442
123 0.0528
124 -0.1020
125 -0.1237
126 0.4074
127 -0.4960
128 -0.3271
129 -0.0335
130 0.4914
131 -0.1289
132 -0.4517
133 0.3290
134 0.1292
135 -0.4462
136 0.4242
137 0.1678
138 -0.4571
139 -0.3365
140 0.4836
141 0.1907
S t e p  3 P a g e  No: 4
70
n Sample value (After run inverse fourier transform.)
142 0.4281
143 0.0311
144 -0.1434
145 0.0189
146 -0.3421
147 0.2785
148 -0.4590
149 -0.2515
150 0.3071
151 -0.1640
152 -0.0023
153 0.0839
154 0.2737
155 -0.3130
156 -0.4161
157 -0.2343
158 0.4581
159 -0.3702
160 0.0467
161 0.0285
162 -0.2048
163 -0.2145
164 -0.4701
165 0.3160
166 -0.4554
167 -0.4372
168 0.3229
169 -0.1461
170 0.2122
171 -0.4163
172 -0.2254
173 0.1455
174 0.1910
175 0.4155
176 -0.1503
177 0.2602
178 0.0502
179 -0.2493
180 -0.2256
181 0.1407
182 0.0869
183 0.2288
184 0.3315
185 0.2240
186 0.2462
187 -0.1512
188 0.3689
S t e p  3 P a g e  No: 5
71
n Sample value (After run inverse fourier transform.)
189 0.1026
190 -0.0789
191 0.3842
192 -0.3069
193 -0.1765
194 0.3284
195 0.1516
196 0.3270
197 -0.0419
198 0.1365
199 -0.1147
200 0.1594
201 -0.1652
202 -0.4005
203 0.1002
204 -0.4798
205 0.1152
206 0.1822
207 0. 2156
208 -0.2852
209 0.0205
210 -0.4362
211 0.3505
212 -0.2252
213 0. 1496
214 0.2743
215 -0.3308
216 0.2088
217 -0.0954
218 -0.2887
219 0.1115
220 0.1015
221 -0.4496
222 0.2681
223 -0.1076
224 -0.1510
225 0.3616
226 0.3556
227 -0.4503
228 0.2996
229 -0.4438
230 0.0325
231 0.3876
232 -0.4256
233 0.1495
234 0.2793
235 -0.4469
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
P a g e  No: 6
72
Sample value (After run inverse fourier transform.)
0.3974 
0.4172 
-0.1960 
0.1849 
0.0020 
0.0812 
0.4800 
0.0996 
-0.4939 
-0.2767 
-0.3103 
-0.0949 
-0.3001 
-0.4854 
-0.0963 
-0.3358 
0.0779 
-0.2501 
0.2504 
0.2536 
0.3546 
-0.2643 
0.1481 
0.1368 
-0.1677 
-0.4575 
-0.3356 
0.0650 
-0.2440 
- 0.0220 
-0.4541 
-0.4407 
0.1848 
0.0008 
0.0217 
-0.4519 
0.3390 
0.3763 
-0.0832 
0.2596 
0.0859 
0.3144 
-0.3794 
-0.1950 
0.2700 
-0.1263 
-0.3415
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
3 P a g e  N o : 7
73
Sample value (After run inverse fourier transform.)
0.3606 
0.2765 
-0.3123 
-0.0570 
-0.4245 
0. 1816 
0.1611 
-0.1205 
0.2882 
0.1041 
-0.0474 
-0.1553 
0.4996 
-0.4925 
-0.2956 
0.3009 
-0.2997 
-0.4462 
0.4219 
0.2495 
-0.2425 
-0.0418 
0.1345 
-0.0324 
0.3897 
-0.4643 
-0.2467 
-0.1297 
-0.4553 
-0.4232 
0.2080 
-0.0736 
-0.4145 
-0.1811 
0.1839 
0.0430 
0.1136 
0.1325 
-0.4131 
-0.2921 
0.4314 
0.4127 
-0.2923 
0.4287 
0.0110 
0.2675 
-0.0216
S t e p  3 P a g e  No: 8
74
n Sample value (After run inverse fourier transform.)
330 -0.4433
331 0.0629
332 -0.1799
333 0.1517
334 0.3237
335 -0.1572
336 -0.1894
337 0.4850
338 -0.0803
339 0.4477
340 0.4870
341 -0.0113
342 0.2643
343 0.1553
344 0.4853
345 -0.0887
346 0.1814
347 0.1703
348 -0.3407
349 0.3356
350 0.0778
351 -0.2648
352 0.1697
353 -0.3058
354 -0.1992
355 0.1880
356 0.4435
357 0.0334
358 0.4895
359 -0.2182
360 -0.3275
361 -0.0235
362 -0.0647
363 -0.2230
364 0.2134
365 -0.4388
366 0.2236
367 0.1916
368 0.3706
369 0.0524
370 -0.0149
371 0.4140
372 -0.2614
373 0.0156
374 0.4316
375 0.4065
376 -0.4606
S t e p  3 P a g e  No: 9
75
n Sample value (After run inverse fourier transform.)
377 -0.3104
378 -0.0959
379 -0.3179
380 -0.2970
381 -0.3890
382 -0.4871
383 -0.0103
384 0.2843
385 0.2187
386 -0.3328
387 0.0563
388 -0.4534
389 -0.4744
390 0.4785
391 0.0471
392 -0.1266
393 -0.3179
394 -0.2901
395 0.4745
396 0.4768
397 0.0125
398 0.4456
399 0.4200
400 -0.0821
401 0.2813
402 0.1708
403 -0.3239
404 -0.1748
405 0.3777
406 -0.0537
407 -0.0741
408 -0.4359
409 0.3743
410 0.1528
411 0.3854
412 -0.3300
413 0. 1639
414 -0.0079
415 0.3555
416 -0.4497
417 0.2660
418 -0.0422
419 0.1873
420 0.0775
421 -0.2705
422 -0.1282
423 -0.2566
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
P a g e  No: 10
76
Sample value (After run inverse fourier transform.)
0.4850 
-0.0819 
0.4938 
-0.2724 
-0.2132 
-0.4565 
-0.3946 
0.4764 
0.4254 
0.1528 
0.3844 
-0.2883 
0.1004 
-0.4734 
0.4464 
0.3840 
-0.3002 
-0.4889 
-0.2272 
0.2792 
-0.4474 
0.4857 
-0.0968 
-0.3547 
-0.2561 
0.4799 
0.1225 
0.4438 
0.0446 
0.0721 
-0.4812 
0.1570 
-0.1959 
0.1870 
0.0694 
-0.1156 
0.2095 
-0.0302 
-0.1796 
0.2963 
0.2607 
0.0191 
-0.3186 
-0.3322 
0.0330 
0.3997 
0.0180
S t e p  3 P a g e  No: 11
77
n Sample value (After run inverse fourier transform.)
471 -0.3606
472 0.2742
473 -0.3354
474 0.0937
475 0.0426
476 0.1586
477 -0.1283
478 -0.2545
479 0.4111
480 -0.3747
481 0.1367
482 -0.1098
483 0.0548
484 -0.4786
485 0.0788
486 0.3845
487 -0.2854
488 0.0157
489 -0.2870
490 0.0369
491 0.2932
492 0.3654
493 0.4605
494 -0.3039
495 -0.3228
496 -0.1491
497 0.2964
498 0.2666
499 -0.0145
500 0.4040
501 0.1862
502 0.1091
503 -0.1699
504 -0.2984
505 -0.4288
506 0.0479
507 -0.1678
508 -0.4648
509 -0.2298
510 0.3606
511 0.2717
512 -0.1936
I
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chi-square 
result 
uith 
9 
degrees 
of 
freedom 
is 
7.784314. 
The 
pseudorandom 
numbers 
are 
uncorrelated.
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8 A ppendix C: R esu lts from  the second test
Part 1: The list of sample data  from the pseudorandom num ber generator (regular 16bit shift 
register random  num ber generator).
Part 2: The list of data  after performing a  Fast Fourier Transform. The real and im aginary 
parts of the coefficients are calculated separately and held in different arrays X R and XI. 
The spectrum  values are also listed.
Part 3: The list of data after performing an inverse Fast Fourier Transform.
Part 4: The spectral analysis graph of 512 samples.
Part 5: T he graph of normal distribution and the results from the chi-square test-
84
S t e p  1 P a g e  No: 1
Sample Random Sample
Number Number Value = Random Number - 0.5
1 0.0002 -0.4998
2 0.0005 -0.4995
3 0.001 -0 .4990
4 0.0020 -0.4980
5 0 . 0039 -0.4961
6 0 . 0078 -0.4922
7 0.0156 -0.4844
8 0.0312 -0.4688
9 0.0625 -0.4375
10 0.1250 -0.3750
11 0.2500 -0.2500
12 0.5000 0.0000
13 0.0007 -0.4993
14 0.0014 -0.4986
15 0.0027 -0.4973
16 0.0055 -0.4945
17 0.0110 -0.4890
18 0 . 0220 -0.4780
19 0.0439 -0.4561
20 0.0879 -0.4121
21 0.1758 -0.3242
22 0.3516 -0.1484
23 0 . 7031 0.2031
24 0.4069 -0.0931
25 0.8139 0.3139
26 0.6273 0.1273
27 0.2544 -0.2456
28 0.5088 0.0088
29 0.0169 -0.4831
30 0.0337 -0.4663
31 0.0674 -0.4326
32 0. 1349 -0. 3651
33 0 .2698 -0.2302
34 0. 5396 0.0396
35 0.0798 -0.4202
36 0.1596 -0.3404
37 0.3192 -0.1808
38 0.6383 0.1383
39 0.2773 -0.2227
40 0.5546 0.0546
41 0.1088 -0.3912
42 0.2176 -0.2824
43 0.4351 -0.0649
44 0.8702 0.3702
45 0. 7412 0.2412
46 0.4818 -0.0182
47 0.9636 0.4636
4 8
49
50
51
52
53
54
5 5
5 6
57
58
5 9
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
85
P a g e  N o : 2
Random
Number
Sample 
Value =
0.9275 0.4275
0.8547 0.3547
0.7098 0.2098
0.4191 -0.0809
0.8382 0.3382
0.6758 0.1758
0.3523 -0.1477
0.7046 0.2046
0.4085 -0.0915
0.8169 0.3169
0 .6344 0.1344
0.2695 -0.2305
0.5390 0.0390
0.0774 -0.4226
0.1548 -0.3452
0.3096 -0 .1904
0.6193 0 . 1193
0.2392 -0.2608
0.4784 -0.0216
0.9568 0.4568
0.9132 0.4132
0.8268 0.3268
0.6539 0.1539
0.3083 -0.1917
0.6165 0.1165
0.2324 -0.2676
0.4649 -0.0351
0.9297 0.4297
0.8599 0.3599
0.7203 0.2203
0.4410 -0.0590
0.8819 0. 3819
0.7642 0.2642
0.5290 0.0290
0.0584 -0.4416
0.1168 -0.3832
0.2336 -0.2664
0.4672 -0.0328
0.9343 0.4343
0.8684 0.3684
0.7372 0.2372
0.4737 -0.0263
0.9474 0.4474
0.8950 0.3950
0.7908 0.2908
0.5818 0.0818
0.1633 -0.3367
8 6
S t e p  1 P age  No: 3
Sample Random Sample
Number Number Value = Random Number - 0.5
95 0.3265 -0.1735
96 0.6530 0.1530
97 0 . 3065 -0.1935
98 0.6129 0.1129
99 0.2265 -0.2735
100 0.4529 -0.0471
101 0.9058 0.4058
102 0.8121 0.3121
103 0.6246 0.1246
104 0.2496 -0.2504
105 0.4991 -0.0009
106 0.9982 0.4982
107 0.9969 0.4969
108 0.9933 0.4933
109 0.9869 0.4869
n o 0.9743 0.4743
111 0.9491 0.4491
112 0.8979 0.3979
113 0.7953 0.2953
114 0.5903 0.0903
115 0.1801 -0.3199
116 0.3602 -0.1398
117 0.7204 0.2204
118 0.4412 -0. 0588
119 0.8825 0. 3825
120 0.7655 0.2655
121 0.5307 0.0307
122 0.0608 -0.4392
123 0.1217 -0.3783
124 0.2433 -0.2567
125 0.4867 -0.0133
126 0.9734 0.4734
127 0. 9465 0.4465
128 0.8934 0.3934
129 0.7862 0.2862
130 0.5729 0.0729
131 0.1464 -0.3536
132 0.2928 -0.2072
133 0.5856 0.0856
134 0.1717 -0.3283
135 0.3434 -0.1566
136 0.6868 0.1868
137 0.3731 -0.1269
138 0.7462 0.2462
139 0.4931 -0.0069
140 0.9861 0.4861
141 0.9718 0.4718
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
87
P a g e  No: 4
Random
Number
Sample 
Value =
0.9443 0.4443
0.8880 0.3880
0.7756 0.2756
0.5517 0.0517
0.1030 -0.3970
0.2059 -0.2941
0.4118 -0.0882
0.8236 0.3236
0.6469 0.1469
0.2933 -0.2067
0.5866 0.0866
0.1736 -0.3264
0.3472 -0.1528
0.6944 0.1944
0.3892 -0.1108
0.7785 0.2785
0.5575 0.0575
0.1147 -0.3853
0.2295 -0.2705
0.4589 -0.0411
0.9178 0.4178
0.8354 0.3354
0.6703 0.1703
0.3399 -0.1601
0.6798 0.1798
0.3599 -0.1401
0.7198 0.2198
0.4401 -0.0599
0.8802 0.3802
0.7599 0.2599
0.5205 0.0205
0.0403 -0.4597
0.0807 -0.4193
0.1613 -0.3387
0.3226 -0.1774
0.6453 0.1453
0.2902 -0.2098
0.5805 0.0805
0.1605 -0.3395
0.3211 -0.1789
0.6422 0.1422
0.2847 -0.2153
0.5695 0.0695
0.1395 -0.3605
0.2791 -0.2209
0.5582 0.0582
0.1168 -0.3832
Random Number - 0.5
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
8 8
P a g e  No: 5
Random
Number
Sample 
Value =
0.2336 -0.2664
0.4671 -0.0329
0.9342 0.4342
0.8691 0.3691
0.7377 0.2377
0.4747 -0.0253
0.9493 0.4493
0.8989 0.3989
0.7986 0.2986
0.5975 0.0975
0.1945 -0.3055
0.3890 -0.1110
0.7780 0.2780
0.5565 0.0565
0. 1124 -0.3876
0.2248 -0.2752
0.4496 -0.0504
0.8993 0.3993
0.7983 0.2983
0.5961 0.0961
0.1915 -0.3085
0.3829 -0.1171
0.7658 0.2658
0.5321 0.0321
0.0636 -0.4364
0.1272 -0.3728
0.2543 -0.2457
0.5087 0.0087
0.0170 -0.4830
0.0341 -0.4659
0.0682 -0.4318
0.1364 -0.3636
0.2727 -0.2273
0.5454 0.0454
0.0915 -0.4085
0.1830 -0.3170
0.3660 -0.1340
0.7321 0.2321
0.4648 -0.0352
0.9296 0.4296
0.8588 0.3588
0.7173 0.2173
0.4339 -0.0661
0.8678 0.3678
0.7359 0.2359
0.4724 -0.0276
0.9448 0.4448
236
237
238
239
240
241
242
243
244
245
24 6
24 7
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
89
P a g e  No: 6
Random
Number
Sample 
Value = '
0.8889 0.3889
0.7776 0.2776
0.5555 0.0555
0.1105 -0.3895
0.2210 -0.2790
0.4421 -0.0579
0.8842 0.3842
0.7680 0.2680
0.5355 0.0355
0.0704 -0.4296
0.1407 -0.3593
0.2814 -0.2186
0.5629 0.0629
0 .1254 -0 .3746
0.2509 -0.2491
0.5018 0.0018
0.0030 -0 .4970
0.0060 -0.4940
0.0120 -0.4880
0 .0240 -0.4760
0.0481 -0.4519
0.0962 -0.4038
0. 1924 -0.3076
0.3848 -0.1152
0.7695 0.2695
0.5397 0.0397
0.0799 -0.4201
0.1599 -0.3401
0.3198 -0.1802
0.6395 0.1395
0.2788 -0.2212
0.5575 0.0575
0.1146 -0.3854
0.2293 -0.2707
0.4586 -0.0414
0.9171 0.4171
0.8349 0.3349
0.6693 0.1693
0.3379 -0.1621
0.6759 0.1759
0.3521 -0.1479
0.7041 0.2041
0.4088 -0.0912
0.8177 0.3177
0.6349 0.1349
0.2705 -0.2295
0.5410 0.0410
Sample Random Sample
Number Number Value = Random Number - 0.5
283 0.
284 0.
285 0 .
286 0 .
287 0.
288 0.
289 0.
290 0.
291 0.
292 0.
293 0.
294 0 .
295 0 .
296 0 .
297 0 .
298 0 .
299 0 .
300 0.
301 0.
302 0.
303 0.
304 0.
305 0.
306 0.
307 0.
308 0.
309 0.
310 0.
311 0.
312 0.
313- 0.
314 0.
315 0.
316 0 .
317 0.
318 0.
319 0.
320 0.
321 0.
322 0.
323 0.
324 0.
325 0.
326 0.
327 0.
328 0.
329 0.
-0.4187 
-0.3374 
-0.1747 
0.1505 
-0.1983 
0.1034 
-0.2936 
-0.0871 
0.3257 
0.1519 
-0. 1957 
0.1086 
-0.2825 
-0.0649 
0.3702 
0.2408 
-0.0180 
0.4641 
0.4285 
0.3567 
0.2137 
-0.0731 
0.3539 
0.2070 
-0.0852 
0.3296 
0.1585 
-0. 1834 
0.1333 
-0.2341 
0.0318 
-0.4359 
-0.3718 
-0.2436 
0.0128 
-0.4737 
-0.4474 
-0.3947 
-0.2894 
-0.0789 
0.3423 
0. 1853 
-0.1290 
0.2419 
-0.0159 
0.4683 
0.4371
0813
1626
3253
6505
3017
6034
2064
4129
8257
6519
3043
6086
2175
4351
8702
7408
4820
9641
9285
8567
7137
4269
8539
7070
4148
8296
6585
3166
6333
2659
5318
0641
1282
2564
5128
0263
0526
1053
2106
4211
8423
6853
3710
7419
4841
9683
9371
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
91
P a g e  No: 8
Random
Number
Sample 
Value = '
0.8750 0.3750
0.7493 0.2493
0.4982 -0.0018
0.9964 0.4964
0.9922 0.4922
0.9851 0.4851
0.9705 0.4705
0.9406 0.4406
0.8818 0.3818
0.7631 0.2631
0.5258 0.0258
0.0512 -0.4488
0.1024 -0.3976
0.2048 -0.2952
0.4095 -0.0905
0.8191 0.3191
0.6379 0.1379
0.2762 -0.2238
0.5525 0.0525
0.1052 -0.3948
0.2105 -0.2895
0.4210 -0.0790
0.8419 0.3419
0.6845 0.1845
0.3685 -0.1315
0.7370 0.2370
0.4744 -0.0256
0.9488 0.4488
0.8981 0.3981
0.7969 0.2969
0.5931 0.0931
0.1857 -0.3143
0.3714 -0.1286
0.7429 0.2429
0.4862 -0.0138
0.9723 0.4723
0.9452 0.4452
0.8901 0.3901
0.7796 0.2796
0.5588 0.0588
0.1181 -0.3819
0.2362 -0.2638
0.4724 -0.0276
0.9447 0 . 4447
0.8891 0.3891
0.7777 0.2777
0.5547 0.0547
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
92
P a g e  No: 9
Random
Number
Sample 
Value = :
0. 1100 -0.3900
0.2201 -0.2799
0.4401 -0.0599
0.8802 0.3802
0.7602 0.2602
0.5199 0.0199
0.0391 -0.4609
0.0782 -0.4218
0. 1564 -0.3436
0.3129 -0.1871
0.6257 0.1257
0.2512 -0.2488
0.5023 0.0023
0.0043 -0.4957
0.0086 -0.4914
0.0172 -0.4828
0.0343 -0.4657
0.0686 -0.4314
0.1372 -0.3628
0.2744 -0.2256
0.5488 0.0488
0.0983 -0.4017
0.1967 -0.3033
0.3934 -0.1066
0.7867 0.2867
0.5742 0.0742
0. 1478 -0.3522
0.2956 -0.2044
0.5912 0.0912
0.1820 -0.3180
0.3639 -0.1361
0.7278 0.2278
0.4552 -0.0448
0.9103 0.4103
0.8212 0. 3212
0.6421 0.1421
0.2835 -0.2165
0.5670 0.0670
0.1343 -0.3657
0.2686 -0.2314
0.5372 0.0372
0.0748 -0.4252
0.1496 -0.3504
0.2991 -0.2009
0.5983 0.0983
0. 1972 -0.3028
0. 3944 -0.1056
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
93
P a g e  No: 10
Random
Number
Sample 
Value =
0.7889 0.2889
0.5772 0.0772
0.1549 -0.3451
0.3098 -0.1902
0.6196 0. 1196
0.2386 -0.2614
0.4772 -0.0228
0.9544 0.4544
0.9083 0.4083
0.8170 0.3170
0.6343 0.1343
0.2692 -0.2308
0.5384 0.0384
0.0762 -0.4238
0.1524 -0.3476
0.3047 -0.1953
0.6095 0. 1095
0.2197 -0.2803
0.4394 -0.0606
0.8787 0.3787
0.7569 0.2569
0.5143 0.0143
0.0289 -0.4711
0.0577 -0.4423
0.1154 -0.3846
0.2308 -0.2692
0.4617 -0.0383
0.9233 0.4233
0.8474 0.3474
0.6952 0.1952
0.3897 -0.1103
0.7794 0.2794
0.5591 0.0591
0.1189 -0.3811
0.2378 -0.2622
0.4755 -0.0245
0.9510 0.4510
0.9018 0.4018
0.8031 0.3031
0.6055 0.1055
0.2116 -0.2884
0.4232 -0.0768
0.8464 0.3464
0.6932 0. 1932
0.3858 -0.1142
0.7717 0.2717
0.5437 0.0437
i\uniD
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
94
P a g e  No: 11
Random Sample
Number Value =
0.0871 -0.4129
0.1743 -0.3257
0.3486 -0.1514
0.6971 0.1971
0.3940 -0.1060
0.7880 0.2880
0.5756 0.0756
0.1509 -0.3491
0.3017 -0.1983
0.6035 0.1035
0.2064 -0.2936
0.4128 -0.0872
0.8255 0.3255
0.6505 0.1505
0.3014 -0.1986
0.6028 0.1028
0.2058 -0.2942
0.4117 -0.0883
0.8233 0.3233
0.6470 0. 1470
0.2945 -0.2055
0.5891 0.0891
0.1785 -0.3215
0.3570 -0.1430
0.7139 0.2139
0.4283 -0.0717
0.8566 0.3566
0.7138 0.2138
0.4272 -0.0728
0.8545 0.3545
0.7083 0.2083
0.4162 -0.0838
0.8325 0.3325
0.6643 0.1643
0.3284 -0.1716
0.6567 0.1567
0.3128 -0.1872
0.6255 0.1255
0.2516 -0.2484
0.5032 0.0032
0.0060 -0.4940
0.0120 -0.4880
i
1
2
3
4
5
6
7
8
9
10
11
12
13
14
1 5
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
95
P a g e  N o : 1
Real part Imaginary part Amplitude Spectrum 
XR[i] XI[i] A M [i]
-8.9812 0.0000 0.1575
-6.3763 -6.3573 0.1583
-18.3403 -9.3247 0.8268
-3.7649 15.0414 0.4696
-15.5586 15.5258 0.943
-6.7217 2.4308 0.0998
-5.8009 2.5849 0.0788
1.6619 11.4105 0.2597
-9.3964 11.1837 0.4167
1.5760 2.6658 0.0187
-0.3332 6.9116 0.0935
10.7100 0.6277 0.2248
-12.6803 11. 8649 0.589
-1.5505 5.2653 0.0588
-2.4620 -9. 7046 0.1958
2. 1439 19.5307 0.7540
-19.2706 -14.4339 1. 132
-4.4216 8.4565 0.1779
-5.3202 8.9196 0.2107
7.6083 -4.2759 0.1488
6.0885 11.4930 0.3304
-8.7202 9.1635 0.3125
4.7483 -2.2231 0.0537
0.8381 -3.4170 0.0242
1.7603 -2.1214 0.0148
0.1630 -10.1461 0.2011
-9.5426 -0.0396 0.1779
-7.9303 2.0665 0. 1312
-3.9097 2.0626 0.0382
5.4751 -1.9719 0.0661
-3.5434 -11.5008 0.2829
-7.5957 2.8600 0.1287
1.0852 0.6315 0.0031
-5.2152 4.9178 0.1004
-0.3692 -4.8017 0.0453
-3. 3254 -0.2377 0.0217
-3.2215 5.2048 0.0732
1.8815 3.4600 0.0303
-6.5174 -2.4947 0.0951
-2.9873 11.8503 0.2917
8.0807 -0.4647 0.1280
3.9220 -0.0999 0.0301
-2.9776 1 .2743 0.0205
2.1888 1.2400 0.0124
3.5460 5.0479 0.0743
6.9858 3.0468 0.1134
4.5288 6.7479 0.1290
i
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
96
Real part 
XR[ i ]
-3.9891 
-0.4876 
-1.3107 
-6.9396 
-0.4280 
6.3244 
0.2110 
-10.2901 
1 . 7018 
-2.9224 
2.8590 
1.1035 
0.9959 
-2.7344 
1.9354 
-2.1668 
-5.7337 
-3.8382 
2.2911 
8.0955 
0.8743 
-2.0544 
5.0705 
16.2796 
-19.1975 
-3.2615 
2.8908 
-3.4859 
-11.6962 
- 0.0002 
-1.4205 
-2.8917 
1.6796 
-6.1959 
4.9650 
1.1386 
4.6981 
-6.9372 
2.9971 
-0.6252 
-2.0445 
-5.5491 
7.8493 
-0.2317 
4.1492 
3.0866 
-2.6383
Imaginary part 
XI [ i ]
6.2148 
-17.9870 
-13.7623 
-1.3556 
8.0392 
4.1238 
6.9376 
-3.8884 
-4.8389 
0.2625 
-5.9047 
-5.2621 
7.1416 
8.9148 
1.4420 
-6.2876 
-0.3242 
-3.8596 
-1.4294 
-7.6650 
0.6989 
-0.0831 
-0.6571 
-1.9521 
12.4057 
0.7454 
-6.2546 
0.1519 
4.8866 
-2.0546 
-1.0154 
2.5593 
-3.0685 
-5.2125 
3.6749 
3.3631 
-1.9051 
0.6427 
-4.3351 
-0.6835 
-4.1098 
-6.0762 
7.0081 
7.1177 
-0.6671 
0.6924 
0.5325
P a g e  No: 2
plitude Spectrum 
AM[ i ]
0.1065 
0.6324 
0.3733 
0.0976 
0.1266 
0.1113 
0.0941 
0.2363 
0.0514 
0.0168 
0.0841 
0.0565 
0.1016 
0.1698 
0.0114 
0.0864 
0.0644 
0.0579 
0.0142 
0.2428 
0.0024 
0.0083 
0.0511 
0.5251 
1.0204 
0.0219 
0.0927 
0.0238 
0 . 3138 
0.0082 
0.0060 
0.0291 
0.0239 
0.1280 
0.0745 
0.0246 
0.0502 
0.0948 
0.0542 
0.0017 
0.0412 
0.1323 
0.2163 
0.0991 
0.0345 
0.0195 
0.0141
i
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
97
P a g e  No: 3
Real part 
XR[ i ]
Imaginary part 
XI[i]
Amplitude 
AM [ i ]
-9.3662 -1.1323 0.1738
4.0002 3.5935 0.0565
1.2044 0.3333 0.0031
12.9395 0.8533 0.3284
-3.3988 -5.1952 0.0753
-1.1846 -3.2103 0.0229
2.0920 -0.3926 0.0088
-8.0124 1.3360 0.1289
6.6809 2.4062 0.0985
-7.4939 -10.0937 0.3087
-3.1972 2.4067 0.0313
2.4580 -5.5776 0.0726
-0.5096 3.9893 0.0316
3.8126 5.9585 0.0977
5.2149 -5.8395 0.1197
1.1281 -1.0349 0.0046
3.7257 2.8240 0.0427
-1.3628 -1.9939 0.0114
-0.8183 1.9142 0.0085
-4.5308 -5.1736 0.0924
-3.3177 1.8166 0.0279
1.1971 -3.6105 0.0283
-3.1616 2.4581 0.0313
1.7779 -0.6037 0.0069
2.1441 -2.6213 0.0224
-0.6065 -1.0206 0.0028
-0.4848 3 . 7437 0.0278
1.9601 2.7648 0.0224
-3.7732 -2.7873 0.0430
0.9537 -0.1462 0.0018
1.8609 -0.2408 0.0069
-0.5556 -4.9498 0.0485
-3.0354 1.4069 0.0219
2.0641 0.2793 0.0085
1.3907 7.2103 0.1053
-1.5112 3.9944 0.0356
-2.8896 -1.5122 0.0208
2.4459 -2.8215 0.0272
4. 2728 -3.2299 0.0560
4.4959 -3.7941 0.0676
-6.2725 5.8189 0.1430
-5.2672 3.0318 0.0721
-3.3713 4.1988 0.0566
-0.1056 -2.9019 0.0165
1.7644 -0.6256 0.0068
0.2830 -1 . 7406 0.0061
3.8888 -1 .6462 0.0348
i
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
98
P a g e  No: 4
Real part 
XR[ i ]
Imaginary part 
XI [ i ]
Amplitude 
AM [ i ]
0.0907 4.1662 0.0339
1 .3485 -2.6535 0.0173
3.4141 3.8878 0.0523
-0.4598 -2.1401 0.0094
-2 . 6569 0.8663 0.0153
3.6703 1.2511 0.0294
-6.5914 -0.6074 0.0856
-2.3570 -4.1768 0.0449
-2.8341 -7.0183 0.1119
3.6056 -0.7861 0.0266
3 .6396 -1.3808 0.0296
-0 . 0979 -2.6754 0.0140
2.2299 0.0973 0.0097
1.2624 -1.6664 0.0085
5.2253 2.6785 0.0673
6.3750 -1.0677 0.0816
-1 .0931 3.6429 0.0283
-6.4656 -1.5505 0.0863
-1 . 7553 -1.5325 0.0106
0.6475 -3.0993 0.0196
-3 . 9718 -1.0461 0.0329
1 .3352 3.5827 0.0286
-4.0195 2.4788 0.0436
2 . 7577 -4.8063 0.0600
-2.5590 -2.0051 0.0206
4.0180 0.7278 0.0326
2.4597 0.3200 0.0120
4 .4452 0.9275 0.0403
1.0565 0.8269 0.0035
2 .3627 0.0120 0.0109
4.7113 4.1390 0.0768
-0. 1726 1.0988 0.0024
3.3500 -1.2542 0.0250
-0.1153 -1.4883 0.0044
0.4657 1.5667 0.0052
-3.9767 7.1704 0.1313
-4.2752 -0.3988 0.0360
-3.4017 8.4179 0.1610
-4.5285 -0.0491 0.0401
3 . 9856 -1.6752 0.0365
-3 . 9660 2.8252 0.0463
-3.1899 -1.7113 0 . 0256
-2.6891 1.4659 0.0183
-2.1989 -3.4472 0.0327
-0.7380 -0.9294 0.0028
0.8148 2.3963 0.0125
4.4986 -1.3904 0.0433
99
S t e p  2 P a g e  No: 5
i
Real part 
XR[ i ]
Imaginary part 
XI[i]
Amplitude 
AM[ i ]
189 -1. 2519 0.2964 0.0032
190 0.5883 1.4338 0.0047
191 7. 1760 -2.0523 0.1088
192 -0.3831 -7.5547 0.1118
193 -2.5177 0.7182 0.0134
194 0.3824 -5.3075 0.0553
195 1.2355 -2.7948 0.0182
196 5.1301 0.4863 0.0519
197 -2.2202 -2.1503 0.0187
198 0.4045 -3.7139 0.0273
199 1.2599 3.4421 0.0262
200 1.2923 2.4874 0.0153
201 2.0059 2.0008 0.0157
202 0.7274 -1.6449 0.0063
203 0.7766 -2.7836 0.0163
204 -2.0516 0.6659 0.0091
205 -0.7766 -1.6051 0.0062
206 -0.3153 3.5865 0.0253
207 -1.8320 2.1380 0.0155
208 2.5300 -0.0186 0.0125
209 0.9158 3.5026 0.0256
210 -1.0807 6.0275 0.0732
211 5.8977 -6.9220 0.1615
212 2.1047 -1.4948 0.0130
213 0.9444 -0.9605 0.0035
214 1.6634 -0.8975 0 .0070
215 -3.1327 -0.2743 0.0193
216 -3.2832 4.2139 0.0557
217 -2.3539 1.3548 0.0144
218 3 .8765 0.6739 0.0302
219 -1.6339 -2.6683 0.0191
220 0.3310 -1.7638 0.0063
221 -2.2576 4.9804 0.0584
222 2.6056 0.3066 0.0134
223 -2.2209 -3.1474 0.0290
224 2.4876 2.5103 0.0244
225 4.3806 2.2329 0.0472
226 -0.6829 3.0485 0.0191
227 -1.7052 2.2173 0.0153
228 ' 2.2336 0.3549 0.010
229 -0.5771 2.3522 0.0115
230 -2.0300 4.7078 0.0513
231 3.7880 -1.7995 0.0343
232 -2.8859 2.4132 0.0276
233 1.5244 -1.4245 0.0085
234 1.7749 1.9017 0.0132
235 -0.5506 3.3463 0.0225
S t e p  2 P a g e  No: 6
1 0 0
Real part Imaginary part Amplitude Spectrum 
i XR[i] XI[i] AM[i]
236 2.4443 3.3304 0.0333
237 0.9838 1.4535 0.0060
238 -2.7611 -2.8230 0.0305
239 -0.6770 -3.9446 0.0313
240 3.6454 -0.7521 0.0271
241 -5.1755 0.5561 0.0529
242 -4.0295 1.7848 0.0379
243 -3.2340 3.0219 0.0383
244 2.5477 -3.2314 0.0331
245 -4.3555 2.9913 0.0545
246 -1.2070 -2.8982 0.0193
247 2.1433 1.6580 0.0143
248 -2.1218 0.5627 0.0094
249 5.7629 1.0028 0.0668
250 -2.8880 -0.2062 0.0164
251 0.2725 3.1437 0.0194
252 -1.0112 -1.8730 0.0088
253 0.6699 0.4443 0.0013
254 -1.3882 -0.5734 0.0044
255 -2.7722 1.9142 0.0222
256 -2.5352 -3.5409 0.0370
257 -5.0101 0.0000 0.0490
258 -2.5352 3.5409 0.0370
259 -2.7722 -1.9142 0.0222
260 -1.3882 0.5734 0.0044
261 0.6699 -0.4443 0.0013
262 -1.0112 1.8730 0.0088
263 0.2725 -3.1437 0.0194
264 -2.8880 0.2062 0.0164
265 5.7629 -1.0028 0.0668
266 -2.1218 -0.5627 0.0094
267 2.1433 -1.6580 0.0143
268 -1.2070 2.8982 0.0193 '
269 -4.3555 -2.9913 0.0545
270 2.5477 3.2314 0.0331
271 -3.2340 -3.0219 0.0383
272 -4.0295 -1.7848 0.0379
273 -5.1755 -0.5561 0.0529
274 3.6454 0.7521 0.0271
275 -0.6770 3.9446 0.0313
276 -2.7611 2.8230 0.0305
277 0.9838 -1.4535 0.0060
278 2.4443 -3.3304 0.0333
279 -0.5506 -3.3463 0.0225
280 1.7749 -1.9017 0.0132
281 1.5244 1.4245 0.0085
282 -2.8859 -2.4132 0.0276
S t e p  2 P a g e  N o : 7
1 0 1
Real part Imaginary part Amplitude Spectrum 
i XR[i] XI[i] AM[i]
283 3.7880 1.7995 0.0343
284 -2.0300 -4.7078 0.0513
285 -0.5771 -2.3522 0.0115
286 2.2336 -0.3549 0.010
287 -1.7052 -2.2173 0.0153
288 -0.6829 -3.0485 0.0191
289 4.3806 -2.2329 0.0472
290 2.4876 -2.5103 0.0244
291 -2.2209 3.1474 0.0290
292 2.6056 -0.3066 0.0134
293 -2.2576 -4.9804 0.0584
294 0.3310 1.7638 0.0063
295 -1.6339 2.6683 0.0191
296 3.8765 -0.6739 0.0302
297 -2.3539 -1.3548 0.0144
298 -3.2832 -4.2139 0.0557
299 -3.1327 0.2743 0.0193
300 1.6634 0.8975 0.0070
301 0.9444 0.9605 0.0035
302 2.1047 1.4948 0.0130
303 5.8977 6.9220 0.1615
304 -1.0808 -6.0275 0.0732
305 0.9158 -3.5026 0.0256
306 2.5300 0.0186 0.0125
307 -1.8320 -2.1380 0.0155
308 -0.3153 -3.5865 0.0253
309 -0.7766 1.6051 0.0062
310 -2.0516 -0.6659 0.0091
311 0.7766 2.7836 0.0163
312 0.7274 1.6449 0.0063
313 2.0059 -2.0008 0.0157
314 1.2923 -2.4874 0.0153
315 1.2599 -3.4421 0.0262
316 0.4045 3.7139 0.0273
317 -2.2202 2.1503 0.0187
318 5.1301 -0.4863 0.0519
319 1.2355 2.7948 0.0182
320 0.3824 5.3075 0.0553
321 -2.5177 -0.7182 0.0134
322 -0.3830 7.5547 0.1118
323 7.1760 2.0523 0.1088
324 0.5883 -1.4338 0.0047
325 -1.2519 -0.2964 0.0032
326 4.4986 1.3904 0.0433
327 0.8148 -2.3963 0.0125
328 -0.7380 0.9294 0.0028
329 -2.1989 3.4472 0.0327
S t e p  2 P a g e  No: 8
1 0 2
i
Real part 
XR[ i ]
Imaginary part 
XI[i]
Amplitude 
AM[ i ]
330 -2.6891 -1.4659 0.0183
331 -3.1899 1.7113 0.0256
332 -3.9660 -2.8252 0.0463
333 3.9856 1.6752 0.0365
334 -4.5285 0.0491 0.0401
335 -3.4017 -8.4179 0.1610
336 -4.2752 0.3988 0.0360
337 -3.9767 -7.1704 0.1313
338 0.4657 -1.5667 0.0052
339 -0.1153 1.4883 0.0044
340 3.3500 1.2542 0.0250
341 -0.1726 -1.0988 0.0024
342 4.7113 -4.1390 0.0768
343 2.3627 -0.0120 0.0109
344 1.0565 -0.8269 0.0035
345 4.4452 -0.9275 0.0403
346 2.4597 -0.3200 0.0120
347 4.0180 -0.7278 0.0326
348 -2.5590 2.0051 0.0206
349 2.7577 4.8063 0.0600
350 -4.0195 -2.4788 0.0436
351 1.3352 -3.5827 0.0286
352 -3.9718 1.0461 0.0329
353 0.6475 3.0993 0.0196
354 -1.7553 1.5325 0.0106
355 -6.4656 1.5505 0.0863
356 -1.0931 -3.6429 0.0283
357 6.3750 1.0677 0.0816
358 5.2253 -2.6786 0.0673
359 1.2624 1 .6664 0.0085
360 2.2299 -0.0973 0.0097
361 -0.0979 2.6754 0.0140
362 3.6396 1.3808 0.0296'
363 3.6056 0.7861 0.0266
364 -2.8341 7.0183 0.1119
365 -2.3570 4.1768 0.0449
366 -6.5914 0.6074 0.0856
367 3.6703 -1.2511 0.0294
368 -2.6569 -0.8663 0.0153
369 -0.4598 2.1401 0.0094
370 3.4141 -3.8878 0.0523
371 1.3485 2.6535 0.0173
372 0.0907 -4.1662 0.0339
373 3.8888 1.6462 0.0348
374 0.2830 1.7406 0.0061
375 1.7644 0.6256 0.0068
376 -0.1056 2.9019 0.0165
i
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
P a g e  No: 9
103
Real part 
XR[ i ]
Imaginary part 
XI [ i ]
Amplitude 
AM[ i ]
-3.3713 -4.1988 0.0566
-5 .2672 -3.0318 0.0721
-6.2725 -5.8189 0.1430
4.4959 3.7941 0.0676
4.2728 3.2299 0.0560
2.4459 2.8215 0.0272
-2.8896 1.5122 0.0208
-1.5112 -3.9944 0.0356
1.3907 -7.2103 0.1053
2.0641 -0.2793 0.0085
-3.0354 -1.4069 0.0219
-0.5556 4.9498 0.0485
1 .8609 0.2408 0.0069
0.9537 0.1462 0.0018
-3.7732 2.7873 0.0430
1.9601 -2.7648 0.0224
-0.4848 -3.7437 0.0278
-0.6065 1.0206 0.0028
2.1441 2.6213 0.0224
1.7779 0.6037 0.0069
-3.1616 -2.4581 0.0313
1.1971 3.6105 0.0283
-3.3177 -1.8166 0.0279
-4.5308 5.1736 0.0924
-0.8183 -1.9142 0.0085
-1.3628 1.9939 0.0114
3.7257 -2.8240 0.0427
1.1281 1.0349 0.0046
5.2149 5.8395 0.1197
3.8126 -5.9585 0.0977
-0.5096 -3.9893 0.0316
2.4580 5.5776 0.0726
-3.1972 -2.4067 0.0313 •
-7.4939 10.0937 0.3087
6.6809 -2.4062 0.0985
-8.0124 -1.3360 0.1289
2.0920 0.3926 0.0088
-1.1846 3.2103 0.0229
-3.3988 5.1952 0.0753
12.9395 -0.8533 0.3284
1.2044 -0.3333 0.0031
4.0002 -3.5935 0.0565
-9.3662 1 .1323 0.1738
-2.6383 -0.5325 0.0141
3.0866 -0.6924 0.0195
4.1492 0.6671 0.0345
-0.2317 -7.1177 0.0991
104
Step 2 Page No: 10
Real part Imaginary part Amplitude Spectrum
i XR[ i ] XI [i] AMti]
424 7.8493 -7.0081 0.2163
425 -5.5491 6.0762 0.1323
426 -2.0445 4.1098 0.0412
427 -0.6252 0.6835 0.0017
428 2.9971 4.3351 0.0542
429 -6.9372 -0.6427 0.0948
430 4.6981 1.9051 0.0502
431 1.1386 -3.3631 0.0246
432 4.9650 -3.6749 0.0745
433 -6.1959 5.2125 0.1280
434 1.6796 3.0685 0.0239
435 -2.8917 -2.5593 0.0291
436 -1.4205 1.0154 0.0060
437 -0.0002 2.0546 0.0082
438 -11.6962 -4.8866 0.3138
439 -3.4859 -0.1519 0.0238
440 2.8908 6.2546 0.0927
441 -3.2615 -0.7454 0.0219
442 -19.1975 -12.4057 1.0204
443 16.2796 1.9521 0.5251
444 5.0705 0.6571 0.0511
445 -2.0544 0.0831 0.0083
446 0.8743 -0.6989 0.0024
447 8.0955 7.6650 0.2428
448 2.2911 1.4294 0.0142
449 -3.8382 3.8596 0.0579
450 -5.7337 0.3242 0.0644
451 -2.1668 6.2876 0.0864
452 1.9354 -1.4420 0.0114
453 -2.7344 -8.9148 0.1698
454 0.9959 -7.1416 0.1016
455 1.1035 5.2621 0.0565
456 2.8590 5.9047 0.0841 '
457 -2.9224 -0.2625 0.0168
458 1 .7018 4.8389 0.0514
459 -10.2901 3.8884 0.2363
460 0.2110 -6.9376 0.0941
461 6.3244 -4.1238 0.1113
462 -0.4280 -8.0392 0.1266
463 -6.9395 1.3556 0.0976
464 -1.3107 13.7623 0.3733
465 -0.4876 17.9870 0.6324
466 -3.9891 -6.2148 0.1065
467 4.5288 -6.7479 0.1290
468 6.9858 -3.0468 0.1134
469 3.5460 -5.0479 0.0743
470 2.1888 -1.2400 0.0124
i
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
P a g e  No: 11
105
Real part 
XR[ i ]
Imaginary part 
XI[i]
Amplitude Spectrum 
AM[ i ]
-2.9776 
3.9220 
8.0807 
-2.9873 
-6.5174 
1.8815 
-3.2215 
-3.3254 
-0.3692 
-5.2152 
1.0852 
-7.5957 
-3.5434 
5.4751 
-3.9097 
-7.9303 
-9.5426 
0.1630 
1.7603 
0.8381 
4.7483 
-8.7202 
6.0885 
7.6083 
-5.3202 
-4.4216 
-19.2706 
2.1439 
-2.4620 
-1.5505 
-12.6803 
10.7100 
-0.3333 
1.5760 
-9.3964
1.6619 
-5.8009 
-6.7217 
-15.5586 
-3.7649 
-18.3403 
-6.3763
-1.2743 
0.0999 
0.4647 
-11.8503 
2.4947 
-3.4600 
-5.2048 
0.2377 
4.8017 
-4.9178 
-0.6315 
-2.8600
11.5008 
1.9719 
-2.0626 
-2.0665 
0.0396 
10.1461 
2.1214 
3.4170 
2.2231 
-9.1635 
-11.4930 
4.2759 
-8.9196 
-8.4565 
14.4339 
-19.5307 
9.7046 
-5.2653 
-11.8649 
-0.6277 
-6.9116 
-2.6658 
-11.1837 
-11.4105 
-2.5849 
-2.4308 
-15.5258 
-15.0414 
9.3247 
6.3573
0.0205 
0.0301 
0.1280 
0.2917 
0.0951 
0.0303 
0.0732 
0.0217 
0.0453 
0.1004 
0.0031 
0.1287 
0.2829 
0.0661 
0.0382 
0.1312 
0.1779 
0.2011 
0.0148 
0.0242 
0.0537 
0.3125 
0.3304 
0.1488 
0.2107 
0.1779 
1.1322 
0.7540 
0.1958 
0.0588 
0.5890 
0.2248 
0.0935 1 
0.0187 
0.4167 
0.2597 
0.0788 
0.0998 
0.9436 
0.4696 
0.8268 
0.1583
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
106
P a g e  No: 1
Sample value {After run inverse fourier transform.)
-0.4998 
-0.4995 
-0.4990 
-0.4980 
-0.4961 
-0.4922 
-0.4844 
-0.4688 
-0.4375 
-0.3750 
-0. 2500 
0.0000 
-0.4993 
-0.4986 
-0.4973 
-0.4945 
-0.4890 
-0.4780 
-0.4561 
-0.4121 
-0.3242 
-0.1484 
0.2031 
-0.0931 
0.3139 
0.1273 
-0.2456 
0.0088 
-0.4831 
-0.-4663 
-0.4326 
-0.3651 
-0.2302 
0.0396 
-0.4202 
-0.3404 
-0.1808 
0.1383 
-0.2227 
0.0546 
-0.3912 
-0.2824 
-0.0649 
0.3702 
0.2412 
-0.0182 
0.4636
S t e p  3 P a g e  No: 2
107
n Sample value (After run inverse fourier transform.)
48 0.4275
49 0.3547
50 0.2098
51 -0.0809
52 0.3382
53 0.1758
54 -0.1477
55 0.2046
56 -0.0915
57 0.3169
58 0.1344
59 -0.2305
60 0.0390
61 -0.4226
62 -0.3452
63 -0.1904
64 0.1193
65 -0.2608
66 -0.0216
67 0.4568
68 0.4132
69 0.3268
70 0.1539
71 -0.1917
72 0.1165
73 -0.2676
74 -0.0351
75 0.4297
76 0.3599
77 0.2203
78 -0.0590
79 0.3819
80 0.2642
81 0.0290
82 -0.4416
83 -0.3832
84 -0.2664
85 -0.0328
86 0.4343
87 0.3684
88 0.2372
89 -0.0263
90 0.4474
91 0.3950
92 0.2908
93 0.0818
94 -0.3367
S t e p  3 P a g e  No: 3
108
n Sample value (After run inverse fourier transform.)
95 -0.1735
96 0.1530
97 -0.1935
98 0.1129
99 -0.2735
100 -0.0471
101 0.4058
102 0.3121
103 0.1246
104 -0.2504
105 -0.0009
106 0.4982
107 0.4969
108 0.4933
109 0.4869
110 0.4743
111 0.4491
112 0.3979
113 0.2953
114 0.0903
115 -0.3199
116 -0.1398
117 0.2204
118 -0.0588
119 0.3825
120 0.2655
121 0.0307
122 -0.4392
123 -0.3783
124 -0.2567
125 -0.0133
126 0.4734
127 0.4465
128 0.3934
129 0.2862
130 0.0729
131 -0.3536
132 -0.2072
133 0.0856
134 -0.3283
135 -0.1566
136 0.1868
137 -0.1269
138 0.2462
139 -0.0069
140 0.4861
141 0.4718
S t e p  3 P a g e  No: 4
109
n Sample value (After run inverse fourier transform.)
142 0.4443
143 0.3880
144 0.2756
145 0.0517
146 -0.3970
147 -0.2941
148 -0.0882
149 0.3236
150 0.1469
151 -0.2067
152 0.0866
153 -0.3264
154 -0.1528
155 0. 1944
156 -0.1108
157 0.2785
158 0.0575
159 -0.3853
160 -0.2705
161 -0.0411
162 0.4178
163 0.3354
164 0.1703
165 -0.1601
166 0.1798
167 -0.1401
168 0.2198
169 -0.0599
170 0.3802
171 0.2599
172 0.0205
173 -0.4597
174 -0.4193
175 -0.3387
176 -0.1774
177 0.1453
178 -0.2098
179 0.0805
180 -0.3395
181 -0.1789
182 0.1422
183 -0.2153
184 0.0695
185 -0.3605
186 -0.2209
187 0.0582
188 -0.3832
S t e p  3 P a g e  N o : 5
1 1 0
n Sample value (After run inverse fourier transform.)
189 -0.2664
190 -0.0329
191 0.4342
192 0.3691
193 0.2377
194 -0.0253
195 0.4493
196 0.3989
197 0.2986
198 0.0975
199 -0.3055
200 - 0.1110
201 0.2780
202 0.0565
203 -0.3876
204 -0.2752
205 -0.0504
206 0.3993
207 0.2983
208 0.0961
209 -0.3085
210 -0.1171
211 0.2658
212 0.0321
213 -0.4364
214 -0.3728
215 -0.2457
216 0.0087
217 -0.4830
218 -0.4659
219 -0.4318
220 -0.3636
221 -0.2273
222 0.0454
223 -0.4085
224 -0.3170
225 -0.1340
226 0.2321
227 -0.0352
228 0.4296
229 0.3588
230 0.2173
231 -0.0661
232 0.3678
233 0.2359
234 -0.0276
235 0.4448
S t e p  3
1 1 1
P a g e  No: 6
n Sample value (After run inverse fourier transform.)
236 0. 3889
237 0.2776
238 0.0555
239 -0.3895
240 -0.2790
241 -0.0579
242 0.3842
243 0.2680
244 0.0355
245 -0.4296
246 -0.3593
247 -0.2186
248 0.0629
249 -0.3746
250 -0.2491
251 0.0018
252 -0.4970
253 -0.4940
254 -0.4880
255 -0.4760
256 -0.4519
257 -0.4038
258 -0. 3076
259 -0.1152
260 0.2695
261 0.0397
262 -0.4201
263 -0.3401
264 -0.1802
265 0.1395
266 -0.2212
267 0.0575
268 -0.3854
269 -0.2707
270 -0.0414
271 0.4171
272 0.3349
273 0.1693
274 -0.1621
275 0.1759
276 -0. 1479
277 0.2041
278 -0.0912
279 0.3177
280 0.1349
281 -0.2295
282 0.0410
S t e p  3 P a g e  No: 7
1 1 2
n Sample value (After run inverse fourier transform.)
283 -0.4187
284 -0.3374
285 -0.1747
286 0.1505
287 -0.1983
288 0.1034
289 -0.2936
290 -0.0871
291 0.3257
292 0.1519
293 -0.1957
294 0.1086
295 -0.2825
296 -0.0649
297 0.3702
298 0.2408
299 -0.0180
300 0.4641
301 0.4285
302 0.3567
303 0.2137
304 -0.0731
305 0.3539
306 0.2070
307 -0.0852
308 0.3296
309 0.1585
310 -0.1834
311 0.1333
312 -0.2341
313 0.0318
314 -0.4359
315 -0.3718
316 -0.2436
317 0.0128
318 -0.4737
319 -0.4474
320 -0.3947
321 -0.2894
322 -0.0789
323 0.3423
324 0.1853
325 -0.1290
326 0.2419
327 -0.0159
328 0.4683
329 0.4371
S t e p  3 P a g e  No: 8
113
n Sample value (After run inverse fourier transform.)
330 0.3750
331 0.2493
332 -0.0018
333 0.4964
334 0.4922
335 0.4851
336 0.4705
337 0.4406
338 0.3818
339 0.2631
340 0.0258
341 -0.4488
342 -0.3976
343 -0.2952
344 -0.0905
345 0.3191
346 0.1379
347 -0.2238
348 0.0525
349 -0.3948
350 -0.2895
351 -0.0790
352 0. 3419
353 0.1845
354 -0.1315
355 0.2370
356 -0.0256
357 0.4488
358 0.3981
359 0.2969
360 0.0931
361 -0.3143
362 -0.1286
363 0.2429
364 -0.0138
365 0.4723
366 0.4452
367 0.3901
368 0.2796
369 0.0588
370 -0.3819
371 -0.2638
372 -0.0276
373 0.4447
374 0.3891
375 0.2777
376 0.0547
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
3 P a g e  No: 9
114
Sample value (After run inverse fourier transform.)
-0.3900 
-0.2799 
-0.0599 
0.3802 
0.2602 
0.0199 
-0.4609 
-0.4218 
-0.3436 
-0.1871 
0.1257 
-0.2488 
0.0023 
-0.4957 
-0.4914 
-0.4828 
-0.4657 
-0.4314 
-0.3628 
-0.2256 
0.0488 
-0.4017 
-0.3033 
-0.1066 
0.2867 
0.0742 
-0.3522 
-0.2044 
0.0912 
-0.3180 
-0.1361 
0.2278 
-0.0448 
0.4103 
0.3212 
0.1421 
-0.2165 
0.0670 
-0.3657 
-0.2314 
0.0372 
-0.4252 
-0.3504 
-0.2009
0.0983 
-0.3028 
-0.1056
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S t e p  3 P a g e  No: 10
n Sample value (After run inverse fourier transform.)
424 0.2889
425 0.0772
426 -0.3451
427 -0.1902
428 0.1196
429 -0.2614
430 -0.0228
431 0.4544
432 0.4083
433 0.3170
434 0.1343
435 -0.2308
436 0.0384
437 -0.4238
438 -0.3476
439 -0.1953
440 0.1095
441 -0.2803
442 -0.0606
443 0.3787
444 0.2569
445 0 .0143
446 -0.4711
447 -0.4423
448 -0.3846
449 -0.2692
450 -0.0383
451 0.4233
452 0.3474
453 0.1952
454 -0.1103
455 0.2794
456 0.0591
457 -0.3811
458 -0.2622
459 -0.0245
460 0.4510
461 0.4018
462 0.3031
463 0. 1055
464 -0.2884
465 -0.0768
466 0.3464
467 0.1932
468 -0.1142
469 0.2717
470 0.0437
116
S t e p  3 P a g e  No: 11
n Sample value (After run inverse fourier transform.)
471 -0.4129
472 -0.3257
473 -0.1514
474 0.1971
475 -0.1060
476 0.2880
477 0.0756
478 -0.3491
479 -0.1983
480 0.1035
481 -0.2936
482 -0.0872
483 0.3255
484 0.1505
485 -0.1986
486 0.1028
487 -0.2942
488 -0.0883
489 0.3233
490 0.1470
491 -0.2055
492 0.0891
493 -0. 3215
494 -0.1430
495 0 .2139
496 -0.0717
497 0.3566
498 0.2138
499 -0.0728
500 0.3545
501 0.2083
502 -0.0838
503 0.3325
504 0.1643
505 -0.1716
506 0.1567
507 -0.1872
508 0.1255
509 -0.2484
510 0.0032
511 -0.4940
512 -0.4880
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9 A ppendix D: Spectral A nalysis graph from other  
tests
P art 1: The spectral analysis graph using a modified 16bit shift register random num ber 
generator(sample size =  4096). Refer to the spectral analysis plot num ber 1 to 7.
Part 2: The spectral analysis graph using a regular 8 bit random  num ber generator(sample 
size =  4096). Refer to the spectral analysis plot num ber 8 to  11.
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